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V wirREMOouNTI 
BRITISH PATENT 








_ iii e © é 
FOR STABLE FREQUENCY GENERATION 
FEATURES 


Low temperature coefficient—less than 2 in 10° per degree Centigrade. Patented nodal 
suspension. Mounted in vacuum ; performance independent of climatic conditions. 
Exceptionally high Q@ value. High stability. Small size, 3 in. by § in. overall, excluding 
pins. Fits standard miniature deaf-aid valve socket. 


The type JCF/200 unit illustrated above is representative of the wide range of vacuum-type units 
available for low and medium frequencies. 








SALFORD ELECTRICAL INSTRUMENTS LTD 


eC 8k oe ae ee 4 £8 Oo a 8 Ss 


Phone: BLA. 6668. { 6 sives Crams * Cab/es Spark/less, Manchester” 





Proprietors, THE GENERAL ELECTRIC CO.LTD. England. 
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The 50-range Model 7 Universal AvoMeter, the 
pioneer of the comprehensive range of ‘‘Avo’’ 
precision Instruments, is the world’s most widely 


used combination electrical measuring instrument. Eebial “Nu ‘ iY 
Las A; 
Fully descriptive pamphlet available on applica- ny catrummerts 


tion"to the Sole Proprietors ‘and Manufacturers :— 





THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO.,LTD. 





WINDER HOUSE + DOUGLAS STREET * LONDON Sw: TELEPHONE. VICTORIA2404/9 











Variable 


** The Choice 


A.F BULGIN € CO. LTD. - 
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Resistors 


HE BULGIN range of 60 Watt heavy- 

duty variable 
resistors meets all usual requirements for 
heavy-loading in radio and light electrical 
construction, experimental, and test work. 
Variable contact is smooth and even, and 
the slider gives continuous contact. The 
element is linearly wound (tolerance 
+10 per cent.) with finest quality oxide- 
insulated, non-corrodible nickel-alloy wire, 
on heat-resisting former. The frame is 
“dead,” and may be earthed. Available 
in ratings from 6—50,000 ohms. The 
10,0002 and 50,0002 models have indicator 
scale with 0—10 major, and 4 Unit sub- 
calibrations, increasing the usefulness for 
servicemen, and in laboratories. Size: 
Approx. 1} in. by 5? in. base space, by 
23 in. high. Fixing by four holes, 4 in. ¢ 
at 5} in. by ? in. centres. 


BULGIN 


BYE-PASS-AD. - 
Telephone: RiPpleway 3474 (5 lines). 


. potentiometers or 
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UREKA 


REGD, 


& NICKEL-CHROME 


RESISTANCE 
WIRES & TAPES 








a 
VAC-STEEL 
PLATINUM CLAD 
GAS-FREE NICKEL 


WIRES : TAPES : BARS & MESH 





EXACT TO SPECIFICATION 
— LET US QUOTE YOU > 








WAVERLEY WORKS, 
75, ST. SIMON STREET, 
SALFORD, 3, LANCS. 


Telephone: BLACKFRIARS 9831 
Telegrams: VACTITIC, SALFORD 
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R.F. ATTENUATOR 
TYPE D-239 


Ti HIS small compact attenuator is characterized: by a relatively high insertion 
loss and outstanding accuracy of attenuation at high frequencies. Wire wound 
resistance elements ensure accuracy, good stability and freedom from noise. It can 
be used as a bench instrument or for incorporation in other apparatus where its 
small size is a considerable asset. Two types, giving alternative values of total 
attenuation, are available. 








DELIVERY FROM STOCK 











BRIEF SPECIFICATION 
ATTENUATION [{ TYPE D-239-A : 0-61-5 db variable in steps of 0-5 db. 


RANGE. TYPE D-239-B : 0-80 db variable in steps of 1 db. 
CHARACTERISTIC IMPEDANCE: 75 ohms (‘‘ T ”’-network). 
PERFORMANCE : At frequencies up to 5 Mc/s and for any setting of the switches 


the error in attenuation will not exceed + 0:2 db. Reasonable 
accuracy is maintained up to 10 Mc/s. 


TERMINATIONS : Coaxial connectors. 
INPUT : 3 volts maximum. 
DIMENSIONS : Cer OZ XS. 
WEIGHT : 24 Ibs. 


Manufactured to a design of the Radio Branch of the Post Office Engineering Department. 
Full details are given in Bulletin B-562-A, a copy of which will be sent on request. 


MUIRHEAD 


Muirhead & Co., Limited, Elmers End, Beckenham, Kent. Telephone: Beckenham 0041-2 
FOR OVER 60 YEARS DESIGNERS AND MAKERS OF PRECISION INSTRUMENTS 


C.R.C.638 
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EVERYTHING 


THAT OPENS 
AND SHUTS.. 





the ideal communications receiver—the 
receiver which fits snugly into any given 
set of conditions and is a sheer joy to 
operete— is a rare bird. Some have this 
facility, some that, but it has remained 
for Rediffusion to provide them all in the 
latest addition to their range of thorough- 
bred radio equipment, the Redifon “R-50". 


Consider this abridged specification and 
weigh it up for yourself... . 


BRIEF SPECIFICATION 
T requency Range - 13.5 ke|s - 26 ke|s; 95 ke/s - 32 Me/s; in eight bands. 
Selectivity - - - - Five positions — 3 I.F. and 2 Crystal stages. 
Sensitivity - - - - Constant between 1-2 micro-volts over the entire ranxe. 


Image Protection - Ranges from go db. at highest frequency to over 100 db. 


Tuning ----- 80: 1 slow motion drive, coarse and fine tuning together 
with logging scale for accurate resetting. 

Maintenance is greatly simplified by virtue of the fact that R.F., LF., 

and A.t’. sections are in separate, demountable units. 


Kedifon‘r-50 


2 ie ae es a, Be 





Kedifon Radio 


Radio Communications Division 


REDIFFUSION LIMITED, BROOMHILL ROAD, S.W.18 


Designers and Manufacturers of Radio Communication and Industrial 
Electronic Equipment 





Scien. RC 103 





BELLING-LEE| 


‘QUIZ’ (No. 10) 


Answers to some of the questions we are 
continually asked by letter and telephone 


Question 27. Precipitation Static—what is it ? 


Answer 27. This is not a very good name, but it has become 
accepted as applying to any form of static caused by electric 
charges building up on an aerial quicker than they can leak away ; 
the result is a form of corona. Aerial corona usually extends only 
a microscopic distance from the conductor, is usually invisible 
even in the dark, but is often audible near the conductor as a 
faint hissing sound. The condition is not common except in 
certain districts. We have reports from high locations round 
Sheffield, in parts of Yorkshire, on cliff top locations by the sea, 
etc. It may occur without rain when it is generally heard as a 
particularly violent hissing noise in the loudspeaker. Thundery 
weather is not essential. It is generally accompanied by rain or 
hail, and is sometimes known as “‘ rain static.’’ This type is 
heard as a series of pops, the frequency of which varies, rising to 


a roar as the centre of the rain storm approaches. Temporarily: 


earthing the aerial stops the noise, but it builds ‘up again in a few 
seconds. The charges may be induced from clouds, or by charged 
raindrops. In dry locations the charge may be built up by the 
friction of sand or other particles being impelled upon the aerial. 
The trouble is serious on aircraft, and may result in the air 
services over vast areas being grounded while the condition 
persists. The condition came to the notice of some home listeners 
only after the advent of the more efficient Skyrod* aerial. It is 
now becoming an occasional nuisance to television enthusiasts, 
who must use an efficient aerial ; fortunately it is not frequent 
in London. So far our technical staff have only seen rain static 
splashes obliterating an unmodulated raster, and we anxiously 
await reports of the effect when a transmission is on. 

We are not taking all this ‘‘ sitting down.’’ We have 
already done a lot of research, including the interrogation of 
German scientists, and of course, a very thorough survey of all 
that has been written in other countries. The problem of the 
‘“‘ground aerial’’ is quite different from that on air-borne 
aerials. We are quite hopeful of success. We would welcome 
co-operation from our readers. Will those of you who are 
troubled in this way help us by keeping us advised as to con- 
ditions when the nuisance is observed. If you will undertake to 
help, please write for a questionnaire. It doesn’t matter whether 
or not you use a Belling-Lee aerial. 


TO BE CONTINUED 


*« SKYROD ” (Reg. Trade Mark). 


Type L.518. This is a new model, comprising 3-section 
collector, and only one set of chimney lashings. The addition of 
our ‘Eliminoise’. transformers, L.306 and L.307, coupled with 
screened twin feeder, provide an anti-interference Aerial, List 


BELLING & LEE LTD 


CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDDX 
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MAGNETOSTRICTION TRANSDUCERS, 
care and feeding of 


If we were talking nonsense we 
should say take lots of amps and 
volts and what have you, cram them 
all down the throat of any old 
Transformer you happen to have 
lying around, then stand back and 
try to smile while it slowly wrecks 
all your equipment, 

On the other hand if we're talking 
very "B.Sc." we'd say that the 
above unpronounceable words are 
Trensformers used for converting 
electrical into ultrasonic sound 
or power (or v.v.) for underwater 
Signalling apparatus, 

On the other hand if man to man 
we're talking sheer, sound, rock 
bottom common sense then we do not 
try to explain at all - we just 
tell you that Parmeko of Leicester 
make darn good Transformers for the 
Electronic and Engineering 
Industries - this is good friendly \ WONT 
advice and could save you a lot of The following area Distributors 


bother . . . if you contact us, he ge tly male 


been appointed to serve the re- 
quirements of Retailers, Whole- 


PARMEKO OF LEICESTER e salers and Service Engineers. 
MAKERS OF TRANSFORMERS ° NORTHERN IRELAND 


Eirco Services Limited, 
19, Ormeau Avenue, Belfast. 


YORKSHIRE & SCOTLAND 
A. C. Farnell Limited, 
15, Park Place, Leeds. 


LANCASHIRE & N. CAESHIRE 

Hardman & Company Limited, 

The Baum, Yorkshire Street, 
Rochdale. 





vil 





MIDLANDS 
Gothic Electrical Supplies Limited, 
23-25, Constitution Hill, 
Birmingham 19. 


EAST ANGLIA 
Flinders (Wholesale) Limited, 
14-20, St. Peter’s Street, Ipswich. 


LONDON 
L.E.S. Distributors Limited, 
15-16, Alfred Place, 
Tottenham Court Road, W.C.1. 


SOUTHERN ENGLAND 
Robshaw Brothers, 
10, The Square, 
Bournemouth, 





Telephone : Elmbridge 5241 


UNITED INSULATOR CO. LTD 


Oakcroft Road, Tolworth, Surbiton, Surrey 


Telegrams : Calanel, Surbiton 
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One step at a time! 


A three wafer switch offering an “off” 
plus 10 accumulative positions. Used 
in radar and broadcasting control 
equipment, it is of great value in test- 
gear and electronic instruments. where 
resistances or capacitors are required 
to be brought into circuit successively 

from zero up to ten _ pre- 
determined values. An- 
other of our 2,000 
different assem- 
a blies based 
, on Walter 
“type 40.” 





4 














g 


\ 4 = rf WALTER INSTRUMENTS LTD., 
7 D oe a GARTH ROAD, LOWER MORDEN, 


| "" SURREY. TEL.: DERWENT 4421-2-3 
14 


WALTER Type 40 


1305 















THE SWITCH OF OVER 2,000 ASSEMBLIES 


G.R.c. 23 
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ISSUED BY DESOUTTER BROS. LTD. THE HYDE, HENDON, zg 


Call up the - 
LITTLE HORSES = 


‘A Horse! a horse! a boy’s best friend is a horse "’ cried 
King Richard in a hurry to leave the battlefield. And on 
the modern battlefield of Industry horse-power is still 
your best friend. You know this, of course, when it ? 
applies to large chunks of machinery. But what about q 

the light assembly jobs ? Does it seem foolish and ,4& a 
uneconomical to use horse-power for turning screw- % 4) 
drivers and spanners, or for boring holes in wood 

and metal ? Then you should see our trained Desoutter 


j Midget Horses at work in tiny tools that multiply output 
and cut down cost. What a circus! 


TELEPHONE : COLINDALE 6346-7-8-9 































D E S 0 ‘Cj TT E R seciatists in Lightweight, Pneumatic and Electric Portable Tools 


C.R.C. 175 
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Electro-static 


to be Provided HERE 





| roy tlectro-conductive properties and the opacity of 
the graphite film deposited on glass surfaces by 
‘dag’ colloidal graphite render it a highly suitable 
medium for the screening of electronic valves and tubes. 
This is only one of the many uses of ‘ dag ’ in the electrical 
industry. Your problems in the provision of electrically 
conducting coating on plastic 
and other materials can be 
solved by ‘dag.’ Technical 
information is available on 
request. When writing please 
quote E64 


ACHESON COLLOIDS LIMITED - 9 GAYFERE STREET + WESTMINSTER - S.W.1 


Screening z 





























A. 15k’ wox 8° dx. 97h. 
c 1 1053 }’w OP es 
1053B. I7}” w. 9” d. x 10” h. 

£615 0 

1053C. 24”w.x 12”d.x_ 15”h. 

£8 16 6 

2 1022A. 214”w. x 10$”d. x 104”h. 

a 9 © 

1022B. 214” w. x 104”d. x 15”h. 

#4 5 0 

1022C. 214” w. x 10$”d. x 22”h. 

£415 0 

1022D. 21” w. x 10$’d. x 30h. 

£610 0 


3 1007. 21k”w.x 94"d. x 10$”h. 
46 0 0 





4 1056A. I8’w.x 7’d.x 8”"h. 
£415 0 
5 1023. ie’ ws x FSS Re. 
4215 0 


All these standard cases are made in 
highest quality sheet steel, strongly 
welded and beautifully finished in light 
grey, brown, yellow, red or black. 
Adequate ventilation, pressed feet and 
bushes are some of the special features. 
Handles from our standard range can 
be fitted to type 1022. 

















1844 112/116 NEW OXFORD ST., W.C.1. MUSEUM 5944 





. is it Rotary or Pushbutton or Slider ? Is it wanted 
for circuit selection, band selection, tap switching ? Is it 
for a new design or in quantities for a well proved circuit ? 

Whatever it is—the answer is always OAK ! 

The basic design of all Oak switches is one of strength 
and efficient functioning, including such exclusive features 
as the double-contact clip and the floating rotor, ensuring 
self-alignment of each section. 


OA SWITCHES 


BRITISH N.S.F. CO. LTD., Keighley, Yorkshire 
(Sole Licensees of OAK Manufacturing Co., Chicago) 
A.B. METAL PRODUCTS LTD., Feltham, Middx. 
(Sub-Licensees of N.S.F.) 
The only Manufacturers of OAK Switches under Patent 
os. 478391 & 478392 
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L part 77; 
INSTRUMENT... but NOT 


‘* Laboratory 


The newest addition to the “Advance” range of Signal Price ! 
Generators places an of lab y class within 

the financial scope of every radio service engineer and 
experimenter. 


” 



















+) [WESTINGHOUSE] @ 
can provide it 


efficiently and 


economically. 


The ** STABILISTOR ” provides an A.C. voltage of good 
wave-form substantially independent of load current 
and/or variations in the A.C. supply voltage. It is entirely 
static, made in outputs of from 4 VA to 1,500 VA, and may 
be designed for A.C. input or output voltage. Efficiency 
about 85%; instantaneous action. Frequency compen- 
sated models are now available. 

The ‘*‘WESTAT”’ provides a constant-voltage D.C. 
output for battery charging and provides automatic 
compensation for the effects of mains fluctuations and load 
variations. It is designed to “ float ” across a battery and 
maintain its voltage within very fine limits. The 
**NOREGG ”’ is a similar equipment, but is for the direct 
operation of D.C. apparatus from an A.C. supply. 


Full descriptive literature is available. 
Please write to Dept. E.E. 


WESTINGHOUSE BRAKE & SIGNAL Co., Ltd. 
82, York Way, Kings Cross, London, N.| 


The discerning engineer will appreciate its accuracy and stability, its exceptionally 
wide range which covers ok lees uencies required for radio and television receivers 
and its accurate attenuating system which enables to be ma 
on highly sensitive receivers up to 60 Mc/s. Send for fully descriptive pamphlet. 


: 100 Ke/s—60 Me/ 

gg SP i (pw 120 
y i on Second Harmonic). 

Guaranteed within + 1% 

Attenuation. Constant im- 

pedance system embodying 4 


pees 75 ohme transmission 
Stray Field: Less than 3 
microvolts at 60 megacycles. 
Illuminated Dial : 

Total scale length 30° 
or {ioe 230.250 volts. 


ig x VOR" x a deep. 
15 lbs. 








Weight : 


The 


Advance. 


ADVANCE COMPONENTS LTD., Back Road, Shernhall Street, 
Walthamstow, London, E.17. Telephone : LARkswood 4366/7, 
































THE BALDW IN 


FARMER 
ELECTROMETER 
FOR RADIOLOGICAL WORK 











A unique electronic instrument for research and 
routine testing in Hospital Radium and X-ray 
Therapy Departments. 





It has an input impedance of 10!® ohms, and an input 
capacity of less than 0.5uuF. Developed primarily 
for use in Radiological work, where small condensers 
of the Sievert type are used extensively for the 
measurement of gamma and X-ray intensities. 










Fully descriptive leaflet supplied on request. 






BALDWIN 


BROOKLANDS 





INSTRUMENT COMPANY LIMITED, 


WORKS, PRINCES ROAD, DARTFORD, KENT. 















* VOLTAGE RANGES 
0-50 0-100 0-250 


A.C. MAINS 
OR BATTERY 





Telephone : Dartford 2989 
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THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, W.C.2 


R.M.§2 











TELEPHONE : 
CENTRAL 6565 
(10 LINES) 


Electronic 
_ Engineering 


TELEGRAMS: 
LECTRONING 
ESTRAND 
LONDON 


INCORPORATING TELEVISION AND SHORT WAVE WORLD 





MANAGING EDITOR G. PARR, M.1.E.€. 


EDITORIAL, ADVERTISING AND PUBLISHING OFFICES, 28, ESSEX STREET, STRAND, W.C.2. 


Monthly (published last day of preceding month) 2/- net. 


Subscription Rate: Post Paid to any part of the World— 


12 months, 26/-. Registered for Transmission by Canadian Magazine Post. 
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to be agreed that Radiolympia 

was a success. The attendance 
figures reflect the intense interest 
which is taken in radio and, above all, 
television, and one of the causes for 
regret is that the quality of the dem- 
onstrations at times tended to dis- 
courage the would-be buyer. 

It is an unfortunate fact that a 
temporary flaw in a picture will offset 
any amount of sales talk about bright- 
ness or quality, and while the technical 
man makes allowance for reproduction 
under exceedingly difficult conditions, 
the layman looks at the picture for 
ten seconds and decides that there 
isn’t all that much in television to 
make him spend £80 on a set. 

Still, the B.B.C.. did an excellent 
job with the space and material at 
their disposal, and it is rumoured 
that they will be given more accom- 
modation next time. 


Be: visitors and exhibitors seem 


The standard of technical intelli- 
gence of the visitors was noticeably 
higher than before the war, no doubt 
because of war experience. Every 
other enquirer in the electronics 
section seemed to be an _ ex-radar 


Comments 


operator, and in the main hall there 
was an absence of ordinary sightseers 
and more interest in what was in the 
cabinets than in the decorations. 

In the electronics section, which 
was an innovation, the chief criticism 
was the lack of descriptive labels. 
Too much was taken for granted on 
the visitor’s knowledge of the back- 
ground of the apparatus shown, and 
it would have been helpful to have 
had more semi-technical diagrams. 
An outstanding example of an elec- 
tronic exhibition was the Rediffusion 





A NEW 
Electronic Engineering 
MONOGRAPH 


Published in time for Radiolympia, a new 
Monograph entitled : 


PHOTO-CELLS IN INDUSTRY 
By DR. W. SUMMER 


is now available. This deais with all the 
applications of photo-cells to industry and 
research and has an extensive bibliography. 
Fully illustrated with diagrams. 


From all technical book sellers, or direct 
from the offices of Electronic re 
28 Essex Street, London, 


Price 3s. net. 3s. 3d. post free. 











radio heating exhibition at Dorland 
Hall some time ago, and several leaves 
could have been taken from their 
book in explaining the whys and 
wherefores of electronic applications. 


A ‘“‘technical expert,’ writing in 
one of the popular Sunday papers, 
stigmatised the exhibition as a tech- 
nical flop, on the grounds that he 
did not see any of the improvements 
that might have been expected after 
the experience of war manufacture. 

It is difficult to understand what 
revolutionary improvements from war 
practice could be applied to radio 
receiver manufacture direct. No 
doubt he was expecting to find walkie- 
seeies or television grass-cutters, or 
car P.P.Is. But if he had looked 
closely, he would have found many 
good solid improvements in detail, 
and what is equally important, a 
discarding of some of the frills which 
were introduced before the war for 
the sake of being different. No doubt 
the radio industry has taken careful 
note of his strictures, and will promise 
to be more enterprising in future. 

P.S.—Isn’t it surprising how little 
everyone has aged in ten years ? 
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Sir Joseph Thomson, O.M., D.Sc., F.R-S. 
1856 - 1940 


Discoverer of the Electron 
From the painting by de I'Hépital, in the Royal Institution. 
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The Electron—The History of its Discovery 
By J. A. CROWTHER, Sc.D., F.Inst.P.* 


place, the lecture theatre of the 

Royal Institution, Albemarle 
Street, London. The lecturer, Pro- 
fessor J. J. Thomson, Cavendish Pro- 
fessor of Physics in the University of 
Cambridge, is drawing near the end 
of a discourse on Cathode Rays. He 
has been expounding to his audience 
the difficulty — indeed, the impos- 
sibility—of fitting these somewhat 
obscure radiations into the general 
scheme of the orthodox physics of the 
times, and now he turns to give his 
own heretical, but inevitable solution. 

‘“* Let us trace the consequence,’ he 
says' ‘‘of supposing that the ‘atoms 
of the elements are aggregations of 
very small particles, all similar to 
each other; we shall call such 
particles corpuscles, so that the atoms 
of ordinary elements are made up of 
corpuscles and holes, the holes being 
predominant. Let us suppose that 
some of the atoms get split up into 
these corpuscles and that these, 
moving with a high velocity, form 
the cathode rays,’’ In spite of the 
fact that there is no mention of the 
word ‘‘electron”’ in the whole lec- 
ture, and that the hypothesis put for- 
ward is mainly a theory of the nature 
of matter than of electricity, it is from 
this announcement, and the evidence 
which Thomson brought in support 
of it, that Science, quite rightly dates 
the discovery of the Electron, the 
Jubilee of which we have just been 
celebrating. A fresh turn had been 
given to scientific thought; a new door 
flung open, through which Physics 
was to move to fifty years of un- 
exampled discoveries. 

Few great scientific discoveries 
emerge like Minerva from the brain 
of Jove, full-grown and fully armed; 
and the electron is not one of these 
few. On the theoretical side, the idea 
of a grain, or ‘atom’ of electricity 
Is at least as old as Benjamin 
Franklin, and by 1871 Wilhelm 
Weber® had developed a whole theory 
of electromagnetism, on lines not very 
different from the theory which we 
now associate with the name of 
Lorentz, based on the assumption of 
the existence of positive and negative 
atoms of electricity, with equal and 
Opposite charges, and small _ but 
definite mass. On the experimental 


T' HE date is April 30, 1897; the 





* Professor Emeritus, University of Reading. 
Formerly Hon. Secretary of the Institute of Physics. 
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side, the liberation of electrons in the 
free state was accomplished when 
Pliicker*® discovered the cathode rays 
in 1859; although their recognition 
was delayed for nearly forty years. 

To us, looking back along the 
broad highway of physical science, it 
seems that the history of the electron 
should have begun with Faraday’s re- 
searches on electrolytic conductance.‘ 
The fact that every ion in solution, 
whatever its nature, carries an identi- 
cal charge, or at least some integral 
multiple of this charge, seems 
obviously to indicate that electricity 
is, so to speak, done up in bundles 
of this amount; and the early sup- 
porters of an ‘‘ atomic ’’ theory, did 
in fact, base their arguments on this 
fact. Faraday had, however, in 1840, 
thrown another, and apparently much 
larger pebble into the stream of 
scientific consciousness, the concep- 
tion of electrical phenomena as a 
series of stresses and strains in a con- 
tinuous incompressible medium. It 
was on this conception that Clerk 
Maxwell founded, in 1865, his Elec- 
tromagnetic Theory of Light, synthe- 
sising, as it were, the three great 
sciences of dynamics, electricity and 
light. There are fashions in scientific 
theories as there are fashions in hats; 
and the well deserved prestige of the 
Faraday-Maxwell theory, particularly 
after its experimental verification by 
Heinrich Hertz in 1886, swept for the 
time being the tentative efforts at a 
corpuscular theory into the limbo of 
forgotten things; and threatened to 
sweep away the very idea of an 
electrical charge. 

Nevertheless, occasional voices 
were raised in its defence. Helmholtz, 
in a Faraday Lecture at the Royal 
Institution is reported to have said° 
‘‘ The most startling result of Fara- 
day’s law is this: if we accept the 
hypothesis that elementary substances 
are composed of atoms, we cannot 
avoid concluding that electricity also 
is divided into definite elementary 
portions which behave like atoms of 
electricity.’ In a paper read before 
the British Association in 1874, but 
not published until seven years later, 
the ingenious Dr. Johnstone Stoney* 
of Dublin, drew attention to the 
uniqueness of this ionic charge, and 
gave the first estimate of the magni- 
tude of what we know now as the 
electronic charge. 


Ina later paper,’ ‘‘ On the doublets 
of the Alkalis,’’ Johnstone Stoney goes 
the length of giving a name to this 
unique charge, and proposes that it 
shall be called an ‘“ Electron.” As 
this is the first appearance of the now 
familiar name in print, and as the 
paper is not very generally accessible, 
readers may be interested to see a 
quotation. 

‘* Attention must be given ’”’ writes 
the author ‘“‘to Faraday’s Law of 
Electrolysis, which is equivalent to 
the statement that in electrolysis a 
definite quantity of electricity, the 
same in all cases, passes for ‘each 
chemical bond that is ruptured. It is 
shown that the amount of this very 
remarkable quantity of. electricity is 
about 10-” of the usual electro- 
magnetic unit of electricity. This is 
the same as 3 x :0-" of the much 
smaller C.G.S. electrostatic unit. A 
charge of this amount is associated in 
the chemical atom with each bond 
. . . These charges, which it’ will be 
convenient to call ‘‘ electrons,’’ can- 
not be removed from the atom, but 
they become disguised when atoms 
chemically unite. If an electron be 
lodged at the point P of the molecule 
which undergoes the motion described 
in the last chapter, the revolution of 
this’ charge will cause an electro- 
magnetic undulation in the surround- 
ing ether.”’ 

The electron was therefore, origin- 
ally, just a natural unit of charge. 
Its reinstatement as an entity was due, 
strangely enough, to a re-examination 
of the Faraday-Maxwell theory, - by 
Joseph Larmor,* who found’ that only 
by assuming a ‘“‘ monad ”’ or atomic 
structure for electricity was it possible 
to explain the phenomenon of perma- 
nent magnetism. To these monads, 
which he viewed as “‘ freely mobile 
intrinsic strains in the ether, super- 
naturally created ’”’ he transferred, at 
the suggestion of still another 
great Irishman, Fitzgerald, Johnstone 
Stoney’s term, electron. The electron 
was thus conceived, as a mathematical 
necessity. Meanwhile it still remained 
to be born. 

It had long been the general opinion 
that further progress in electrical 
knowledge might be expected to come 
from a study of the electric discharge 
in gases at low pressure; in which 
electricity, freed more or less from the 
shackles of ponderable matter, might 
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the striations and glows associated with the dis- 


charge of electricity through gases. (Geissler tubes). The gas pressure is too high to allow 
the cathode rays to be seen. The beginnings of the Crookes dark space is just visible 


on the left in the third figure from the top. 


be expected to reveal something of its 
own nature. But it was also the 
opinion that such experiments would 
be ,‘f premature,’’? and ardent young 
researchers were solemnly warned by 
their professors to avoid this line of 
country, as being more likely to lead 
to a loss of reputation than an increase 
in knowledge. Under such circum- 
stances progress was slow, and 
although the cathode rays were dis- 
covered by Plucker® (1858) and their 
deflection by a magnet observed (Fig. 
2), thirty years were to elapse before 
any sustained and well direced attack 
was made on the problem. There were, 
it is true, many desultory observations, 


—Warren de la Rue, 1880. 


the general effect of which was to 
darken rather than illuminate the 
subject, 

The main outlines of the ‘ cathode 
ray controversy ’’ are well known. 
British physicists, following Varley,” 
conceived the rays as a stream of 
atoms or molecules which, becoming 
charged by contact with the negative 
cathode acquired a negative charge 
and were repelled from it. Con- 
tinental physicists, in general, with, 
as we have seen, the notable excep- 
tion of Helmholtz, supported a wave 
theory of the phenomenon, The latter 
relied on the absence of any indica- 
tion that the rays could be deflected 
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by an electric field, as charged 
particles would be; the British school 
rested their argument on the incontro- 
vertible fact that no known or con- 
ceivable type of wave-motion could be 
deflected in a magnetic field. 

The first real attack on the problem 
was made by Schuster” who measured 
the deflection of cathode rays in 
a known magnetic field (Fig. 3). 
Assuming the rays to consist of 
charged particles, the radius 7 of their 
path in a magnetic field H is given by 
mv|/He, where m, v and e are the 
mass, velocity and charge of the 
particle, and are, of course, all un- 
known. The maximum velocity 
which a particle could acquire in the 
potential drop V between anode and 
cathode would be given by Ve = 4mz* 
which would enable us to calculate 
v and e/m, if the voltage across the 
tube Was measured. On this supposi- 
tion, Schuster’s results would have 
given a value for e/m of 3.5 x 10°. 
‘The value for a hydrogen ion in solu- 
tion (the Faraday constant) is approxi. 
mately 10‘, so that on the probable, 
though of course unproved, assump- 
tion that the charge is the same in 
both cases, the mass of the cathode 
ray particle would be about 1/350th 
of that of the hydrogen atom. 
Schuster, however, thought at the 
time that the energy given to the 
particle by the electric field would be 
all expended in driving it against 
the viscous resistance of the residual 
gas in the discharge tube, and that 
the velocity v in the magnetic field 
would .be merely the appropriate 
velocity of thermal agitation of a 
molecule at the temperature of the 
tube. With this interpretation the 
value of e/m was about 2,000, a value 
which would be quite appropriate for, 
say, -a triatomic ion of nitrogen. Com- 
menting on the experiments later, 
Schuster said: ‘‘ The separate exis- 
tence of a detached atom of electricity 
never occurred to me as possible, and 
had I openly expressed such hetero- 
dox opinions, I should hardly have 
been considered a serious physicist.” 

For the sake of completeness of this 
record it may be mentioned that 
Schuster’s experiment was repeated 
by Wiechert” a few months previous 
to Thomson’s Royal Institution lecture. 
Wiechert made the assumption that 
the velocity of the cathode particles 
(if particles they were) must lie 
between the maximum they could 
acquire in falling through the full 
potential difference across the tube, 
and a minimum value equal to that 
produced by a fall through the cathode 
fall of potenial (7.e., the poten- 
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tial difference between the metal 
cathode and a point in the gas on the 
boundary of the cathode dark space). 
With these assumptions the value of 
e/m would lie between 4 x 10° and 
4 x 10°, indicating that the particles 
are, in either case, much lighter than 
the hydrogen atom. The assumption 
that a particle in a discharge tube 
cannot have a velocity less than that 
due to a fall through the cathode dark 
space (about 200 volts) is entirely 
without foundation. The fact that 
Wiechert was content to leave his 
communication in the comparative 
obscurity of a local journal, may, 
perhaps indicate some doubt about the 
matter on his own part. 

In the meantime two further, 
apparently conflicting, pieces of 
evidence had been added to the con- 
fusion. Lenard® had shown that the 
cathode rays were able to penetrate 
thin sheets of aluminium or gold, The 
penetrating power of the rays, which 
was roughly inversely proportional to 
the density of the absorber, was far 
too high to be consistent with any 
particle theory of the radiation, if the 
atoms were to be regarded, as they 
always had been, as little solid 
spheres. On the other hand, Perrin™ 
had shown that the cathode rays 
carried a negative charge, by collect- 
ing them in a small shielded metal 
cylinder connected to an electrometer, 
and Thomson® had clinched the argu- 
ment by showing that if the cathode 
rays were deflected in a magnetic 
field, this charge accompanied them, 
which was clearly inconsistent with 
any wave theory, (Figs. 4 and 5.) 

What the situation required was 
something more than an unambiguous 
method of determining the size of the 
cathode particles (on the still un- 
proved assumption that they were 
particles) ; it demanded a fresh view- 
point, embracing in its scope all the 
discordant mass of facts which had by 
now accumulated. What was needed 
Was not merely a theory of the cathode 
rays, but a new theory of matter. It 
was precisely because it provided this 
that J. J.. Thomson’s pronouncement, 
with which this brief summary opens, 
has rightly been regarded as of the 
highest historic importance. 

Nevertheless, it may be stated, for 
the sake of any still interested in 
formal priorities, that this lecture, 
given on April 30, 1897, and reported 
in the Electrician of May 21, 1897, 
does give the first unexceptionable 
estimate of the value of e/m for the 
cathode particles. The result was 
arrived at by combining a measure- 
ment of the magnetic deflection of the 
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Fig. 2.—Diagram showing the deflection of the 
luminous discharge in a magnetic field. 




















Fig. 8.—Diagram illustrating the construction 
and mode of action of Thomson’s e/m tube. 




















Fig. 9.—Diagram illustrating Thomson’s meth- 
od of determining the charge on a gaseous 
ion. The gas above the water in the upper 
chamber is ionised by a beam of X rays. The 
gas is supersaturated by adiabatic cooling 
produced by the sudden fall of the piston P. 


A cloud forms on the ions. Thé mass of a 
drop is deduced from the rate of settling of 
the cloud, and the charge brought down is 
measured by connecting the water surface to 
an electrometer. The same method was used 
to determine the charge on an electron the 
electrons being liberated by illuminating the 
metal plate, closing the vessel, with ultra- 
violet light. 
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particles with an estimate of their 
kinetic energy obtained by converting 
this energy into heat by absorbing the 
rays in a thermocouple. The method 
was obviously not capable of great 
accuracy, and the result obtained 
(6.3 x 10°) was, in fact, only about 
one-third the true value; but at least 
it was not open to any theoretical 
objections. 

A few weeks later a fresh determina- 
tion of e/m was published — by 
Kaufmann” in a_ paper received 
May 21 and published June 15. Kauf- 
mann followed Schuster’s method, 
but assumed that the velocity of the 
rays was that produced by a free fall 
through the full potential difference 
across the discharge tube; an assump- 
tion which he attempted to justify 
experimentally by showing that the 
value obtained was uninfluenced by 
small changes in pressure of the gas 
in the discharge tube. It was a fair 
assumption that, if the particles were 
actually being slowed down by colli- 
sions with the residual gas in the 
tube, the effect would be increasingly 
apparent as the pressure increased. 
Kaufmann’s value, 1.77 x 10’, is with- 
in one per cent. of the most recent 
determinations of this constant; a very 
remarkable achievement. Kaufmann, 
however, regarded the hypothesis that 
the particles were torn from the atoms 
as an illegitimate interpretation of his 
results, 

In the meantime, Thomson” had 
removed the last objection to his 
theory by demonstrating the electro- 
static deflection of the cathode rays. 
Previous failures had, as he suggested 
in his earlier lecture, been due to the 
electrostatic screening effect of the 
residual gas in the discharge tube. 
Kaufmann and Aschkinass* confirmed 
this result. The way was now clear 
for what -is undoubtedly the _ best 
known of all Thomson’s experiments, 
the determination of e/m by the 
electromagnetic balance or ‘‘e/m 


tube ’’; replicas of which are to be 
found in most national Science 
Museums. (Fig. 6.) 


If a particle of charge e is projected 
with a velocity v at right angles to 
an electric field X and a co-terminous 
magnetic field H, the former exerts on 
the particle a force Xe, the latter a 
force Hev. If the fields are adjusted 
until the particle is undeflected, its 
velocity v is obviously given by the 
ratio 4/H. A measurement of either 
the magnetic or the electric deflection 
will then permit the value of e/m to 
be calculated without ambiguity. In 
this way Thomson” obtained the mean 
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value 7.7 x 10°, in a variety of gases, 
and with various electrodes. (Figs. 7 
and 8.) 

It is characteristic of the fertility 
of Thomson’s genius, that even in this 
early paper (which, one would 
imagine, already contained more than 
enough exciting material to satisfy 
most authors) Thomson is already 
discussing how his new ‘ corpuscles ”’ 
would arrange themselves within the 
new atom. It is here that the rings of 
electrons with which we are now all 
familiar, make their first appearance 
in print. 

Thomson, a& we have already noted, 
speaks of the new particles as 
‘‘ corpuscles,’’ not electrons. There 
was, in fact, no evidence so far avail- 
able that the charge on the corpuscle 
was, indeed, the electronic charge, as 
defined by Stoney: much less that the 
corpuscle was the disembodied electric 
charge defined by Lamor. The belief 
in the smallness of the corpuscle 
rested largely on its power of pene- 
trating matter, and Thomson, at least 
in his earlier papers, inclined to the 
belief that the charge on the corpuscle 
might be considerably greater than 
that on an electrolytic ion. 

An experimental determination of 
the latter had recently been made by 
J. S. Townsend® (Phil. Mag. 45, 
p. 125, 1898) in a paper which, in 
the excitement of the times, has 
attracted perhaps less attention than 
it deserved. In the electrolysis, say, 
of water, not all the ions surrender 
their charge to the electrodes: a few 
escape with their charges intact into 
the air, where each, owing to the 
effect of its charge becomes the 
nucleus of a small drop of water. 
Townsend determined the total charge 
Ne and total mass Nm of the cloud 
thus formed by absorbing it in sul- 
phuric acid in an insulated vessel con- 
nected to an _ electrometer. The 
average mass of the individual drops 
he determined by watching the slow 
rate of fall of the cloud under gravity, 
and applying Stokes’s equation for 
the rate of fall of small spheres in a 
viscous medium. It was then a simple 
matter to deduce the total number of 
drops N, and hence the charge e on 
each. Townsend’s final value, 5 x 
10-” e.s.u., for this fundamental con- 
stant—Johnstone Stoney’s electron— 
was within 5 per cent. of the now 
accepted value. Still more important 
perhaps was that, in his ingenious use 
of Stokes’s equation, he had provided 
a model which was followed by nearly 
all later experimenters in the field, until 
the introduction of X-ray analysis, 

The method was applied, in 
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Fig. 6.—Photograph of tube (now in the Science Museum, South Kensington) with which 
Thomson demonstrated the electrostatic deflection of the cathode rays. 
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The deflecting 


plates are seen in the middle of the tube. Twin coils for applying a magnetic field 


stand beside the tube, 
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coutitinaial 








Electrometer 


Fig. 5.—Diagram illustrating the action of the 
tube shown in Fig. 4. The rays from the 
cathode A fall normally on the walls of the 
ae bulb. Under these circumstances the 
‘araday cylinder C shows no charge, but begins 
to TP up negatively if the rays are de- 
flected by a magnet to fall on the aperture 
of the chamber. 


modified form, by Thomson” to 
find the charge on the ions in 
gases ionised by Ro6ntgen rays. 
(Fig. 9.) The result, 6.5x10-” e.s.u., 
was sufficiently close to Townsend’s 
value for the charge on ions in solu- 
tion to allow the inference to be drawn 
that the charges were identical, and to 
raise some expectation that this might 
also apply to the ‘“‘ negative cor- 
puscle.’’ Some decision on this ques- 
tion was obviously becoming urgent, 
and Thomson” continued the attack. 

To use the cathode rays themselves 
as nuclei for the condensation of a 
cloud of water drops was, probably, 
beyond the experimental -resources of 
the times. Fortunately cathode rays 
were not the only available sources of 
** corpuscles.’”? Negative corpuscles 
were also emitted by a zinc plate illu- 


—Crown Copyright 


minated with ultraviolet light, or by 
any incandescent metal. The values of 
e/m for these particles, (7.3 x 10° 
for the former and 8.7 x 10° for the 
latter), established their identity with 
the original corpuscles of the cathode 
rays. By illuminating a zinc plate in 
a space supersaturated with water 
vapour each corpuscle could be made 
to form the nucleus of a tiny water 
drop, the charge on which could be 
determined by a modification of the 
method used by Townsend. The 
result, 6.8 x 10-” e.s,u., was within 
the rather wide limits of experimental 
error allowable at the time, identical 
both with the charge on a gaseous and 
on an electrolytic ion. This identity 
of charge enabled Thomson to say 
with certainty that the mass of the 
corpuscle is a small fraction (about 
one-thousandth, on the data then avail- 
able) of that of the hydrogen atom. 

The results thus briefly described, 
were communicated by Thomson to a 
meeting of the British Association at 
Dover, 1899. The communication 
was made the occasion for a general 
attack on Thomson’s views led by 
H. E. Armstrong, and it may be 
emphasised that the work described in 
the previous pages had met ‘with very 
little acceptance, outside the small 
and enthusiastic band of workers in 
the Cavendish Laboratory. Records 
of the discussion at the meeting are 
painfully discreet,” nevertheless it 
was from this meeting that the 
‘‘ corpuscle ’’ began to be accepted 
as a legitimate member of the 
scientific community. 

One further question remained to be 
answered ; Writing the following year 
Oliver Lodge™ says ‘“‘ J. J. Thomson 
adduces experimental facts in favour 
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of the real and even isolated existence 
of charged ‘corpuscles, whether they 
not.””. The term 
“electron”? had already been com- 
mandeered, as we have seen, by 
Larmor to denote an isolated unit of 
pure electricity. . Was the ‘ cor- 
puscle ’’ indeed this unit, or was it a 
particle of some fundamental kind of 
matter, a ‘‘ fourth state ’’ as Crookes 
had called it, carrying an electronic 
charge? 

Thomson* himself had shown that 
an isolated electric charge would 
exhibit inertia owing to the energy 
associated with its electromagnetic 
field. The electromagnetic mass, 
however, would increase fairly rapidly 
as the velocity of light was 


Fig. 4.— 
Photograph 
of tube used 
for demon- 
strating the 
fact that the 
cathode rays 
are accom- 
panied by a 
negative 
charge. 
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approached, whereas, in those pre- 
Einstein days it was assumed that 
ordinary ‘‘ mechanical’? mass would 
be constant. The variation for the 
speeds reached in a cathode-ray tube 
in those days was negligible, but 
radium ejected corpuscles with velo- 
cities up to within a few per cent. of 
that of light. Measurements of e/m 
for these particles carried out by 
Kaufmann” (zbid. 4, p. 54, 1902; Ann. 
De Phys, 19, p. 487, 1906) between 
1901 and 1906, showed that the mass 
of the corpuscles did, in fact, increase 
markedly as the velocity of light was 
approached, and in his final paper he 
was able to announce that if there 
was any part of the mass which was 
ordinary mechanical mass it was very 


Crown Copy- 
right. From an 
exhibit in The 
Science Mu- 
seum, South 
Kensington. 


Fig. 7.— Original tube, used by Thomson, for the determination of e/m 
for cathode particles ; preserved in the Cavendish Laboratory, Cambridge. 
The magnetising coils are shown in position. The induction coil for running 
the discharge is shown in the background. 

Fig. 3. (left) Photograph showing the path of the cathode rays being bent 
into circular arc by a magnetic field acting at right angles to the plane of the 
paper. The rays are emitted by the horizontal hot filament at the left of 
the tube and describe rather more than a semicircle before being 
absorbed by the residual gas. 
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small in comparison with the part 
which was of electrical origin. In 
other words, the corpuscle was, in- 
deed, a free electron. 

Many physicists had drawn the same 
conclusion, perhaps a little hastily, 
even from Kaufmann’s _ earlier 
measurements, and by 1904 the 
particles were beginning to be spoken 
of as “‘electrons’’ except in the 
Cavendish Laboratory, where Thom- 
son, though one of the first to make 
the identification, still clung, either 
from force of habit or from affection, 
to his old term ‘‘ corpuscle.’’ It was 
only after the hiatus produced in 
fundamental research by the 1914- 
1918 war, that he accepted the new 
name conferred by others on the 
infant which his genius had brought 
to birth twenty-one years before. 
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Alba Television-radiogram with auto record changer. 


Philco Console, type A.1708, with double doors to conceal tube 
and controls when television is not used. 
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Television 


at 
Radiolympia 


A record of the television 
receivers shown at the Radio 
Exhibition, arranged in alpha- 
betical order of manufacturers. 

Picture sizes given are nominal, 
and relate to 9-in., 12-in. or 15-in. 
tubes. 

All receivers use magnetic 
focusing and deflection. 


R.G.D. de luxe television receiver, Model 2547, TR., with controls 


at side of cabinet. 
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Alba 

Television-radiogram, _incorporat- 
ing 5-valve all-wave superhet with 
band-spread tuning. Picture size 8 in. 
by 6 in. Garrard automatic record 
changer. 

Type T.421 employs a 12 in. tube. 


Baird 
The ‘‘ Lyric ’’ console. Combined 
television and 2-band radio receiver. 
Picture size 10 in. by 8 in. Oak 
cabinet in various tones 
Price : 
4221 11s. 4d, including P.T, 
Features: 
Pull-down shutter over television 
screen. 
The ‘‘ Garrick ’”’ console, Combined 
television and 2-band radio receiver. 
Picture size 10 in, by 8 in. 


”» 


Price: 

£199 15s. 6d. including P.T. 
Features: 

Push-button wave-band selection 
and vision. 

The ‘‘ Grosvenor” large screen 


receiver, Incorporating 11-band radio 
receiver and auto-changer gramo- 
phone with recording unit and play- 
back arrangement, Picture size 22 in. 
by 19 in., direct screen viewing. 

Features : 

Large bulb C.R. tube with coated 
metal screen, Suitable for public 
viewing. 

Beethoven 

Type T.918 console, with a picture 
size 8 in, by 6 in. Television only. 

Price : 

£95 including P.T. 
Bush 

Type TV.2 for television only has 
a picture size 10 in. by 8 in. 

Console Model Type T.g1. Picture 
size 8 in. by 6 in. Two front panel 
controls, 

Price ; 

£72 of, 3d., including P.T. 
Cossor 

Model gor is an all-wave console 
giving a picture size 12 in, by 10 in. 

Console Model goz in_ walnut 
cabinet. Picture size 8 in. by 6 in. 

Price : 

£96 8s, od. including P.T. 

Features : 

Ion trap in C.R. tube, Automatic 


linearity control in  timebase 
circuit. Cathode follower video 
output. 

Dynatron 


A new “‘ Ether Sovereign ”’ de luxe 
television auto-radiogram giving a 
10 in. by 8 in. picture. Cabinet also 
provides storage space. for records. 
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Above: 





e 


Kolster-Brandes Console Model CV.40, 


with miniature valves and tone control. 


Below : 





Mullard MTS.315 All-wave Receiver 
and Television, in walnut cabinet. 
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Radio section similar to the ‘‘ Ether 
Conqueror.”’ 
Price: 
£394 38. 3d. including P.T. 


Ekco 
Type TSC 30A is a console model 
giving an 8 in, by 6 in. picture, 
Price : 
£85 1s. 4d. including P.T. 
Model TSC48 console model. Pic- 
ture size 10 in. by 8 in., mirror view- 
ing. Radio receiver giving selection 
of 4 medium and 1 long-wave stations 
and television. Controls at side of 
cabinet, 
Features : 
Miniature valves (Mazda), Sound- 
on-vision filter. Special arange- 
ment for common aerial for radio 
and T/V. Variable selectivity 
control, Pre-set radio tuning. 
Model + TS.46. Table cabinet in 
dark walnut with bleached walnut and 
aluminium front. Picture size 8 in. 
by 6 in. 
Prices 
£74 including P.T. 


E.R.LC. 


A sound and vision console with 
10 in. by 8 in. picture, type TR.1840. 
(The Electrical & Radiological Inst. 
Co.). 


Ferguson 


Type 841.T gives an 8 in. by 6 in. 
picture, and is a console for television 


only. 


Ferranti 

Model 1246. On tubular stand. 
Copper lacquer and cream finish 
cabinet. Sound and _ vision only. 
Picture size 10 in. by 8 in, 

Price: 


£109 12s, including P.T. 

Model 1146, Table model in walnut 
and ebonised cabinet, Picture size 
8 in. by 6 in. 

Price: 

£87 11s. 2d. including P.T. 

Features : 

Both models have 2-knob control- 


on-off volume and_ brightness. 
Aerial input adjustment, Noise 
suppression, 
G.E.C, 
Table Model Type BT.7092. Tele- 


vision and 3-wave-band radio; 6-valve 
superhet. Picture size 8 in. by 6 in. 
Price’: 
£105 13s, gd. including P.T. 
Features : 
F lat-ended 


tube. Interference 
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Brightness, focus 
Sockets for 


elimination. 
and volume controls. 
pick-up. 
BT.7094 is a console of 
performance, 
Price: 
£118 11s. 6d, including P.T, 


similar 


Haynes 
T.R.F. television receiver console 
Type HR.77. Picture size-12 in. by 
10 in. 
Price: 
£140 13s. 4d. including P.T. 
H.M.V. 


Model 1803. Console vision and 
sound receiver. Picture size 124 in. 
by 10 in, Adjustable noise suppres- 
sion. Elliptical loudspeaker. 

Price,: 

£120 6s. 3d. including P.T. 

Model 1852. Projection television 
receiver. Picture size 20 in. by 16 in. 
using 4-in, projection tube. Schmidt 
projection system. Combined T/V 
and all-wave push-button radio. 
H.T. 25 KV. 

Price: 

£438 4s. 5d. 
Features : 
Automatic tube protection in 
event of timebase failure. _Pro- 
vision for supplying radio pro- 
gramme on extension speaker 


including P.T. 


during T/V reception, 
Model 1901. All-wave television- 
radiogram. Picture size 1o in. by 
8 in. 
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Model 1504. Console with tele- 
vision only. Picture size 12 in. 
by 1o in. 

Price: 

£76 os, 11d. including P.T. 
Invicta 

Type TL.21 television console. 
Picture size 8 in, by 6 in. 

Price: 


£76 10s, 3d. including P.T. 


Kolster-Brandes 
Console Model CV.40. Sound and 
vision only. Picture size 10 in. by 
8 in. 
Price : 
£94 18s. 2d, including P.T. 
Features : 
Miniature valves (Brimar), Tube 
H.T. from timebase. Sound tone 
control. Temperature compen- 
sation on oscillator. 


McMichael 

All-wave console type with ro in. 
by 8 in, picture. 

Table model with 8 in. 
picture. 
Marconiphone 

Type VT.50.A A table model for 


by 6 in. 


(Left) Murphy Console 
Type VII6. Picture size 
10 in. by 8 in. 


(Right) G.E.C. Type 
VT7094 with push-button 
tuning for radio. 
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sound and vision only. Picture size 
8 in, by 6 in, 

Price: 

£76 os. 11d. including P.T. 

Masteradio 

Console Type T.48 for sound and 
vision only. with 10 in, by 8 in. 
picture. 


McCarthy 

Felgate Radio, Ltd. Two models: 
MCC.1 and MCT.1, both giving 8 in. 
by 6 in. pictures. MCC.1 is a console. 


Mullard 

Console model Type MTS.315. 
Walnut cabinet. Picture size 10 in. 
by 8 in. 7-valve all-wave receiver. 
Interference suppression, 


Murphy 
Type V.114 table model in rose- 
wood and mahogany cabinet. Picture 
size 8 in. by 6 in, 
Price’: 
£66 12s. including P.T. 
Features : 
Miniature valves (Mazda). Auto- 
matic noise suppression. 
Type V.116 console with 
Picture size 10 in. by 8 in. 


doors. 
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Price : 
_ £98 135. 4d, including P.T. 
Features : 
Acoustic tube. behind speaker. 
High note diffuser, 


Philco 

Console Model A.1708 with doors. 
Picture size 8 in. by 6 in. 10 in. 
speaker. 

Price: 


£90 os. 2d, including P.T. 
Features : 
Variable top-cut tone control, 
Philips 
Console Model 663.A. Radio 3-band 
receiver and television, Mahogan\ 
cabinet. Picture size 1o in, by & in 
Pilot 
Console Type V89, sound and vision 
only. Picture size 8 in. by 6 in, 
Pye 
Console Type D.16.T. Picture size 
8 in. by 6 in. 
Price : 
£64 5s. 10d. including P.T. 
Table Model Type B.16.T.. Picture 
size 8 in, by 6 in. 
Price : 
£51 8s. 8d, including P.T. 
Features : 
Two controls on front: On-off 


brightness and volume. Inter- 
ference suppression on sound and 
vision, 

Price: 


£51 8s, 8d, including P.T. 
R.G.D. 

Console Model 2347 T.R. Walnut 
and ebonised cabinet with controls at 
side. Picture size 1o in. by 8 in. 

R.I. 

Console ‘Type T484 with to in, by 
8 in. picture, sound and vision only. 
(Radio Instruments, Ltd.), 

Price: 

£136 gs. 5d. including P.T. 
Sobell 


Model T.107 all-wave console with 
picture size 10 in. by 8 in, 

Feature : 

Sliding panel covering the tube 
when radio is being received. 

Price : 

£170 19s. including P.T. 

The model T.87 is a table receiver 
for sound and vision only, with an 
8 in. by 6 in, picture, 

Ultra : 


Two models for television only. 
The W.470 is a console with a 10 in. 
by 8 in. picture, and the V.470 a table 
model, 

Features : 

Focus Drift Compensation: A.F.C. 
and variable sensitivity. 
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View of chassis of Cossor 
television — Model 
02. 


Below : 

Ferranti Table Model 1146, 

with vibrationless chassis 

mounting and two-knob 
control. 
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Below (right) Pye Model D.16.T console with 
9in. tube. 


(left) Bush T.91 console receiver with 
two-knob control at front and 
pre-set controls at side of 
cabinet. 
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The Televisor 


HE interest shown in the Tele- 
[Miser and the demand for copies 

of the booklet left no doubt that 
a need was being fulfilled in publish- 
ing constructional details im a con- 
venient form, and thanks are due to 
the many readers who made favour- 
able comments on the design and 
performance, The general opinion 
was that the circuits and mechanical 
layout were well-chosen for the home 
constructor, . 

The demonstrations, which at first 
were marred by excessive diathermy 
interference (in common with all 
other television demonstrations at the 
exhibition) were seen by large and 
appreciative crowds. - It is of interest 
to note that these demonstrations 
were given under normal lighting 
conditions prevailing on the stand. 

Further, the cathode-ray tube and 
loudspeaker were connected to the 
receiver by cables 12 ft. 6 in. long, 
and notwithstanding this length the 
2.5 Mc/s, bars on the tuning signal 
were clearly visible. 

Experience of the inquiries during 
and after the exhibition has shown that 
one or two points were not made clear 
in the booklet, and it is regretted that 
there are some minor omissions. The 
following are representative of the 
commoner queries, and while indivi- 
dual replies have been sent to 
correspondents, it is hoped that their 
publication will help later purchasers 
of the Televisor booklet. The page 
references are to the booklet, and it 
is suggested that the notes be copied 
on to the pages at the appropriate 
places. 


1. Can the range be increased? 

As designed, the receiver is 
adequate for the service area of the 
transmissions. Beyond this, recep- 
tion depends mainly on geographical 
conditions, and constructors may be 
able to cbtain a clue from viewers in 
the neighbourhood. If it is felt that 
some additional gain is required, an 
extra R.F. stage can be inserted on the 
vision chassis and connected between 
V3 and Vs. 

Allowance should be made for the 
extra valve secket when laying out 
the chassis drilling plan. 


2. Can one use a 12-in. cathode-ray 
Tube? 
It is quite possible to use a 12 in. 
tube with no modification whatsoever. 
A 12 in. (CRM.121) Mazda _ tube 
has been used in place of the CRM.92, 


Electronic Engineering 


Notes 


and gave excellent results. Scanning 
amplitude was sufficient to cover the 
whole screen, but since the area of 
picture was larger than in the 9g in. 
tube, there was some loss of bright- 
ness. To compensate for this the 
E.H.T. may be increased, and this can 
be done by connecting the primary 
of T2 to the 250 V tapping on T3 
instead of the 230 V tapping. 

R.80 may also be reduced to 25 K 
instead of 100 K. 


3. What is the function of the feeder 
Tubes? 

These are short lead-through tubes 
intended for the anchoring of the 
coaxial feeder connexions in~ the 
vision chassis, They are soldered 
through the holes marked in Fig. 7c, 
half the tube projecting through the 
top plate of the chassis. The feeder 
cable screening may be taken through 
the tube (in the case of thin cable) 
and soldered to the tube inside the 
chassis, or, if thicker cable is used, 
the screening can be slipped back 
and soldered to the top end of the 
feeder tube, leaving the polythene to 
pass through. The polythene should 
project at least } in. beyond the end 
of the tube under the chassis plate. 
4. Which smoothing choke is which? 

(Parts List, p. 71) 

Ch. 9 is 5 Henry 250 mA. 

is 10 Hy.80 mA. 


Ch, 10 


Some omissions have been noted in 
the text, the chief of which is the wire 
size for the coils. Some later copies 
of the booklet have correction slips 
inserted, but those who have not had 
these, should enter on the blank space 
in the diagram: of Fig. 8: 


Coil Winding Data 
L.1 —L.7 and L.g—L.14 are 
wound with 32 or 34 g. D.S.C. 
copper. Turns are held in place 
with Certofix. The tuned windings 
are nearest the moulded flange. 
Other corrections are : 


Obtaining Sound (p. 65) 
Line 27 should refer 
not p, 30 

Sound Output Valve (p. 51) 

The screen is shown disconnected. 
This should be joined to the junc- 
tion of R.g2 and T.4. . 


Vision Chassis Cross Screens (Fig. 7a) 
The angle of these should be 60° 
and not 30° as shown. 


to p. 39 and 
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and Queries 


Synchronising Diagram (Fig. 17) 
The input is shown as coming from 


V7 anode. This should be V.8 
anode. 
The suppressor grid of V.12 


should be connected to earth as in 
Fig, 18. 


Vision Receiver Diagram (Fig. 6) 
VISION Receiver Diagram (Fig. 6) 
R.5 is shown as going to H.T. It 
may be connected to any part 
of the H.T. line, but it is con- 
venient to connect it to the H.T. 
point going to R.g1, on the front 
contro] panel, as shown in Fig. 30. 
W.LE...N:E.B. 


Editorial Note 


We would like to thank readers 
who have written to point out some 
of the above discrepancies, and to 
apologise in advance if individual 
replies are slightly delayed. 

We cannot refrain from giving our- 
selves a pat on the back by quoting 
from the following letter, which was 
the first received : 


I would like to take this oppor- 
tunity of expressing my _ sincere 
admiration both for the initiative 
shown by ELECTRONIC ENGINEERING 
in producing this television receiver 
for home construction, and for the 
technical excellence of the design 
itself, and / feel sure that the project 
will receive the support from the 
amateur that it deserves, 


May I also hope that all possible 
steps will be taken to ensure as far 
as possible continuity of supply of 
the necessary components. There are 
few situations more infuriating than 
the frustration of an eager desire to 
proceed with the construction by the 
unavailability of certain components.” 


This reader’s queries have been 
answered in detail, and are among 
those given above. We sympathise 
with his complaint about components, 
but can only estate that before com- 
mencing the design inquiries were 
made from the manufacturers about 
the availability of certain components 
and reassuring replies were received 
in every case. We would like to 
hear of any undue difficulties in 
obtaining. supplies and will do our 
best to help readers, 
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YOU CANT STOP A MAN WITH A GOOD IDEA 


9 ‘ 
veya Wy, 





say whether it can be made in rubber.” 


RUBBER OR PLASTICS? 


* While each material possesses its own characteristics, in many applications one is as 
suitable as the other, and in these times of scarcity it is as well to have this in mind. 
Firms in need of components, complete articles or packaging should seek our advice, 
which is based upon wide experience and specialized knowledge. We produce articles in 
rubber and ebonite as well as plastics, and our service includes design and manufacture. 


LORIVAL PLASTICS 


UNITED EBONITE AND LORIVAL LIMITED, LITTLE LEVER, NEAR BOLTON, LANCS 
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To-day no place on earth is far 
removed from another. The speed 
and span of communications is 
drawing together the boundaries of 
our world. The pioneer work of 
Marconi’s has played a leading part i 
in this process. It will continue to 
do so in the years ahead. In every 
part of the world Marconi tech- 
nicians will be blazing new trails of 
achievement. On land, on _ sea, 
under the oceans and in the air, 
Marconi equipment will be carrying 
on the intensified activity of a 
** smaller world.” 


MARCONI WILL STILL LEAD THE way 


MARCONI’S WIRELESS TELEGRAPH COMPANY LTD (ANoaeony 
THE MARCONI INTERNATIONAL MARINE COMMUNICATION COMPANY LTD 1997-1947 
MARCONI HOUSE, CHELMSFORD, ESSEX Judit 











An instrument of unequalled sensitivity 





The 


UNIVERSAL TAYLORMETER oo Phe a Henries with external adaptor. 


MODEL 85A 
LIST PRICE 
cre. “Ses 
IMMEDIATE 
DELIVERY 
TAYLOR’ ELECTRICAL 
Telephone : Slough 21381 





The extreme sensitivity of the Model 85A is but one 
of the many features which make it a reliable standard 
reference instrument for the Laboratory, Research 
Department or Test Room. 





Speci fication 
Sensitivity 20,000 ohms per voit on D.C. and A.C. 
Instantaneous Meter Overload Protection on all ranges: 
D.C. Volts : ImV to 5,000 Volts. 
D.C. Current : |uA to 10 Amps. 
A.C. Volts : 0.1 Volts to 5,000 Volts. 
A.C. Current: IA to 10 Amps. 


Resistance: 0.1 Ohms to 20 Megohms with internal 
battery and up to 2,000 Megohms with external 
battery. 


Continuity Test : By built-in Buzzer and battery. 
Capacity : .0002 to 100 mfd. with externa: adaptor. 





External Adaptors : For Low 


Resistance, High Voltage, A.C 
A Y ' 0) a Millivolts, etc. 


INSTRUMENTS LTD., 419/424 MONTROSE AVENUE, SLOUGH, BUCKS- 
Grams and Cables: ‘* Taylins’’ Slough 
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The Design of Small Single-layer Coils 


By A. I. FORBES SIMPSON* 


Design charts relating the inductance, number of turns, and wire diameter for optimum Q for 
single-layer solenoid coils on formers of varying diameter 


is immense, but rarely is the 

information available in a 
r-adily usable form. The experienced 
engineer will normally make a rapid 
estimate of the capacitances and 
inductances which will be required 
for a particular application, and from 
this start will know which of the 
many formule to apply in the evalua- 
tion of turns, wire, spacing, etc. He 
will also make a very fair mental 
estimate of the performance to be 
expected from the coil. 


Ts bibliography of coil design 


During the war, a large amount of 
radio development work has _ been 
performed by young graduates who 
at the time had not had _ the 
experience to assess quickly the 
magnitudes of reactances encountered 
in radio practice. As a result, time 
was often wasted in abstruse calcu- 
lation or in the use of complicated 
Abacs. As no simple relationship 
exists between coil proportions and 
coil efficiency, further time was often 
wasted in several efforts to improve 
the coil performance. These charts 
are the result of an effort to combine 
simple design’ charts for inductance 
with the prediction of Q. A _ list 
of the symbols used is given in the 
centre column. 


Effect of dimensions etc., on Q 


The losses in a coil may be ex- 
pressed in terms of: 


(a) The H.F. resistance. 

(b) The power factor, i.e., the ratio 
of resistance to impedance, 

(c) The ratio Q of reactance to H.F. 
resistance. 


Of these methods otf expression of 
the attributes of a coil, that in terms 
of Q is now the most usual having, 
over the others, several advantages 
which will be considered later. 


The investigation of a number of 
solenoid coils has shown that a coil 
of unity length/diameter ratio 
with a _ pitch of 1.5 times the 
wire diameter will give not the 
highest possible Q for a_ given 
inductance at a particular frequency, 





* General Electric Co. Radio Works. 
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SYMBOLS USED 
D = Diameter of former at bot- 
tom of grooving. 
B = Winding length. 
d = Wire diameter. | 
I 


p = Pitch = 1.5d. = ——— 
Y I aie 

N = Number of turns. 

@, = 27 resonant frequency. 


LZ = Inductance including leads. 

R, = H.F. resistance (equivalent 
series resistance), 

C = Coil distributed capacity, 


Q =4L/Rs 
Z. = Tuned impedance (dynamic 
resistance). 





gm = Mutual conductance. 








but will give the best compromise for 
Q over the range of tuning capacities 


normally encountered. The Q for a 
given inductance was found to 
increase with the diameter of the 


former if the proportions were kept 
constant. 

The law governing the relationship 
is dependent to some extent on fre- 
quency but is very roughly Q’=2.D. 

The material of which the former 
is made was found to have little effect 
on the coil Q provided that the coil 
was wound on the surface, or, if 
wound in a groove, the grooving 
were no deeper than 1/5th of the wire 
diameter. If, however, any impreg- 


nant is used, it should be of low 


R.F. loss, (distrene, etc.). At the 
frequencies used, plated wire has 
shown little difference from enamelled 
copper. 

A very real drop in Q, howevér, 
was discovered when coil tags were 
used in close proximity to the wind- 
ing where the tags are large com- 
pared with the wire diameter. In the 
case of some of the finer gauges, this 
phenomenon was noticed until the 
tags were removed from the end of 
the winding to a distance of approxi- 
mately half the winding length, For 
this reason termination has been by 
threading the wire through holes in 
the former in the case of wires finer 
than 20 s.w.g. 

To obtain any required inductances 
while maintaining che proportions 
suggested above is possible, but 
would entail the use either of numer- 
ous former sizes or non-standard wire 
diameters. The cost of this method 
is, of course, prohibitive, and it is 
obvious that any method of design 
must cater for standard ° wire 
diameters and normally available 
former diameters. 

To cover the spread of inductance 
between values corresponding to 
standard wire gauges, either the 
pitch and the number of turns could 
be varied keeping the coil length 
constant, or the number of turns and 
the coil length could be varied keep- 
ing the pitch constant. Of these 
alternatives, the latter varies the Q 
less, and as it reduces the values of 
pitch which are required, it was 
chosen as a method of attack. 

The inductance of several coils was 
determined, of which the 2/D ratio 
was unity and of which the winding 
pitch was 1.5d and the leads of which 
were D long. The inductances so 
chosen had approximately an even 
logarithmic spacing. These gave the 
basic law when plotted against wire 
diameter. Several coils were made 
similar to these coils, but the number 
of turns and winding length of which 
was, different and varied from 0.6 to 
1.5 of the former diameter, the values 
so obtained giving the relationship 
between turns and inductance. As 
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these have given parallel lines, and 
as further random selection has not 
shown any appreciable error, it has 
been assumed that geometric com- 
pletion would be justified. 

The inductance limits of the charts 
have been fixed at the lower limit at 
the wire gauge at which it is difficult 
to bend the wire satisfactorily to the 
former diameter, and at the higher 
somewhat greater than the inductance 
at which a better Q is obtained from 
a wave-wound coil of the same over- 
all diameter. 

The use of the charts is simple and 
gives direct ‘answers. As so many 
unascertainable factors govern the 
final inductance of a sited coil, no 
attempt has been made to achieve an 
accuracy better than 1 per cent. The 
inductances indicated by the charts 
assume that the leads to the coil are 
of the same wire as the coil and per- 
pendicular to it, and are each a coil 
diameter long. 

Coils of this form have a low self 
capacity which is largely indepen- 
dent of all save the coil diameter and 
to a lesser extent the wire gauge. 

The capacity may be expressed as 

C = D (.47 + a) pF 
where D is in cms. and a is a constant 
depending on the gauge of wire, lying 
between .065 for 42 s.w.g. and .11 
for 12 s.w.g. wire, where one lead 
of the coil is connected to chassis. 


Use of Charts 

The charts shown may be used as 
follows : 

If the desired Q is known, then 
reference to the Q/Z sheet will 
suggest a suitable diameter of former: 

If, however, as great a Q as pos- 
sible is required, then the largest 
possible former should be used unless 
the coil is to be sited in a can, in 
which case the diameter of the former 
should be less than ‘one half of the 
internal diameter of the can and 
spaced from the end by the same 
amount or more, 

When the diameter of the former 
is determined, reference should be 
made to the appropriate chart, and 
as shown in Fig. 2 the inductance 
intercept A corresponds to C, which 
gives the wire gauge D which gives 
the number of turns per inch for that 
gauge, and E the number of turns 
which are required. 

It will be seen that ‘‘ even ”’ gauges 
of wire have been used. If. it is de- 
sired to use an “‘ odd ”’ gauge, a little 
simple geometry will soon give the 
result, 
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The Q in air of a coil wound to 
this information, when tuned by 
capacities between 45 and 500 pico- 
farads may be read directly from the 
Q/Z curves. 


The Q values shown in the chart 
have been corrected for coil capacity 
and are somewhat higher than those 
indicated by the useful Q meter. The 
accuracy of these curves is rather less 
than that of the inductance charts, 
but various values have been checked 
by several methods which have given 
substantial agreement. 


As an example of the use of the 
curves, suppose we have a variable 
condenser of 450 picofarads swing 
and desire to find a coil with which it 
will tune from 12 Mc/s. to 4 Mc/s. 
If the total capacity at 12 Mc/s. be 
CuuF then 


C+450 12° 
——=—=9 and C=56.25 pF. 
& 4° 
w= (27f)* = (2712-10°)’ 
8.10” I 
Law -AiC. 
8.10”. 10° 
and L = ————___—_—- = 3-15 BH. 


12 


450.477. 127.10 





Fig. 2. Diagram to illustrate use of charts. 


Self-capacity of coils of various diameters 
and wire sizes. 



































Coil Self Capacity 
Dia. in pF 
in. | .67 66 65 64 -63 62 
in. | .82 8 80 .78 ay 76 
in. | .98 96 95 94 93 92 
in. | 1.15 1.14 | 1.13 | 1.12 | 1.10 | 1.09 
Wire| 12 | 18 | 24 | 30 | 36 | 42 
size | s.w.g. s.w.g. | s.w.g. | s.w.g. | s.w.g. | s.w.g 
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Inspecting the Q/Z charts we see 
that the Q at 4 Mc/s. will lie between 
116 for 4 in. and 168 for a in. 
former, while that at 12 Mc/s. will 
lie between 182 for a 4 in. and 265 
for % in. former. 

If we choose a $ in. former we find 
that the line corresponding to this 
cuts the Z line at 0.025 in. This line 
intersects 7.P./. at 23.8 and the 
‘‘ No, of turns ’’ are 18.5 with a wire 
gauge of 22 s.w.g. 

Referring to Q/Z Sheet—we find 
for 2. = 3.15 ab: 





C.pF{ 45 | 102 ) 200 | 400 | 500 
“Q"| 212 | 195 | 175 | 150 | 442 














Z, is readily obtained by writing 


ra 
Z; =O naan 
c 


If, however, we had used the 3 in. 
former we would find that 18 turns 
of 26 s.w.g. at 37 7.P./. would give 





100 
165 


200 400 500 


C. pF 45 | 
| I 147 123 117 


ae, ed 8l 














It was mentioned earlier that the 
expression of the performance of a 
coil in terms of Q had several ad- 
vantages over other methods, 


The response of a tuned circuit 
may be expressed in terms of Q and 
resonant frequency. 


If 5 be the deviation from resonance 
expressed as a percentage of the 
resonant frequency, and S be the 
response, at that deviation expressed 
as a percentage of the resonant 
response, then 


100 
= 





act 
100 + & + j.Q.8 ) 
1+ 6 


One curve may therefore be used to 
determine the selectivity of all tuned 
circuits of which these attributes are 
known. ‘‘ The Universal Selectivity 
Curve ”’ corresponding to this expres- 
sion has been published in many 
forms. 


Where the Q of a circuit is known, 
and within the limits of these curves 
one may normally assume that the 
coil Q approximates to this, it is pos- 
sible to evaluate quite readily: 


(a) The tuned impedance (dynamic 
resistance). 


(Continued on p. 360) 
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Q/L Chart for obtaining suitable size of former 


a 
QE FoRMER 





IN MICROHENRIES ‘ 
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OPTIMUM 


e/a 


> FORMER 


$ 883883 8 
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w 
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z WIRE DIAMETER IN INCHES 











947 November, 1947 Electronic Engineering 357 


OPTIMUM @ 
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OPTIMUM G) 


a 


3 
- FORMER 


$8 8 $8 388% 27 


©5 


NUMBER OF 





4 06 -06-05 -04 -03 02 ° 005 ‘00S = -002 “001 
WIRE DIAMETER IN INCHES 
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Effect of Circular and Square Screening cans on 
Inductance 


RATIO OF CAN SIDE / COIL ETER 


“% 






100 







% REDUCTION IN 





d 


20 
RATIO OF CAN SIDE/COIL DIAMETER (SquaRE CAN) 


The reduction in Inductance of a coil of unity B/D ratio when sited in a 
screening can. 
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The Design of Single-layer Coils 
(Continued from p. 354) 


(b) The stage gain. 


(c) The conditions for 
stable gain. 


maximum 


(a) The tuned impedance may be 
expressed as: 


Q . JE 
Zo=Q.W.L =——=Q’. Rs = if - 
wie C 


It will be seen that since # and L 
or C are normally accurately known, 
7, is readily ascertainable, 


b) Where the tuned circuit is used 
as an anode load, the ease with which 
the stage gain may be computed 
depends on how many terms may be 
neglected. 

Normally, the valve used in an R.F. 
amplifier is a pentode and the approxi- 
mate amplification is given by: 


QeL 
M £m-———_ 
Qe, 
1+ ——— 
R, 
where 7, is the sum of shunt loads, 


7.e., grid leak. 

If a critically coupled tuned trans- 
former is used, it should be noted that 
the effective Q is halved, and for other 
degrees of coupling, (N’ times critical) 


Q: . 
the effective Q, = ——— where Q, is 
NP +1 


that obtained with the secondary 


removed of short circuited. 


(c) the condition for stable gain 
may be given in the form that H<K, 
where, Zoa and Z., being the anode 
and grid impedances, 


H = §m-%o. CORE LS 


and X is a constant, being 2 for an 


ideal stage. 


Empirical values of K for other 
conditions are tabulated below: 





No. of Amplifying 














| Stages 
Condition... ... = 2 : 
~ Ideal a 2 15 
Normal Ba | 075 | o5\, 





Critically coupled 


transformer coupling 0.5 0.375 | 0.25 








with on con- 
denser 











Normal single T.Ct. | 
0.25 | 0.188 
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" VAPOUR RECTIFIERS WITH AN ASSURED 


These three Mullard rectifiers owe their reputa- 
tion for dependability to closely controlled 
manufacturing processes. Below are some of the 
reasons why more and more designers are specify- 
ing the “ RG ” range. 


Stable Emission. The special double spiral 
filaments are so designed that the emissive coating 
is firmly keyed to the wire. 

Long Life. The use of zirconium to eliminate 
“ foreign” gases reduces positive ion bombard- 
ment of the cathode. 


High Voltage Tests. All valves are subjected to 
rigorous back-arc tests. 





RG1-240A 


Peak Inverse Voltage - - - 4,700 V 

Mean Anode Current - - -250 mA max. 

Two Valves in a Single-Phase Full-Wave Circuit 
will give 1,500 Volts at 500 mA. 


Filament Voltage - . . . - 40V 

Filament Current - - - - - 27A 
RG3-250 

Peak Inverse Voltage - - - 10,000 Vv 

Mean Anode Current - - 250 mA max. 


Two Valves in a Single-Phase Full-Wave Circuit 
will give 3,150 Volts at 500 mA. 


Filament Voltage - . - - - 2.5V 

Filament Current - - - - - 5.0A 
RG3-1250 

Peak Inverse Voltage - 13,000 V 

Mean Anode Current - - - 1.25 A max. 


Two Valves in a Single-Phase Full-Wave Circuit 
will give 4,140 Volts at 2.5 amps. 

Filament Voltage - - - - - 40V 

Filament Current - - - - - JOA 








Mullard 


THE MASTER VALVE 


THE MULLARD WIRELESS SERVICE CO. LTD., TRANSMITTING & INDUSTRIAL 
VALVE DEPT., CENTURY HOUSE, SHAFTESBURY. AVENUE, LONDON, W.C2z 








MVT20 
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MARCONI Mastery 
of Measurement 


is the outcome of unique 
experience in the design of 
Communications Test Gear 


a> 


UNIVERSAL [eg eee 
WAVE aa | E T E R The Wavemeter is of the resonance type and consists of an 


TYPE TF 370F adjustable tuned circuit shunted by a high impedance valve 

Brief Specification : voltmeter, the input to the tuned circuit being taken via a 

. Frequency Range: 100 kc/s - 20 Mc/s two-stage amplifier of variable gain. The power supply ma 
by means of Calibration Charts. ge ¥ plifie 3 8 P PPly : y 
Accuracy - -  -  - 1 in 103 be taken either from A.C. mains or from external batteries. 
Full Specification supplied on request | Workmanship is in the highest Marconi tradition. 


MARCONI INSTRUMENTS LTD 


ST. ALBANS, HERTFORDSHIRE Phone: St. Albans 6161/5 


Northern Office: 30 ALBION STREET, HULL. Hull 16144 © Western Office: 10 PORTVIEW ROAD, AVONMOUTH, BRISTOL. Avonmouth 438 
Southern Office: 109 EATON SQUARE, LONDON, S.W.1 Sloane 8615 











RHODIUM IN 
TELE-COMMUNICATION 
ENGINEERING 


Rhodium offers many technical 
advantages to the tele-communi- 
cation engineer. 


The Johnson Matthey organis- 
ation provides a consultative ser- \/ RHODIUM OFFERS : 
vice backed by a processing unit 
equipped to handle specialised 





@ Freedom from contact noise. 
Data Sheet No. 2053 gives 


apparatus or quantity produced further information of our @ Low contact resistance. 
components. services in this field. @ Low contact pressure. 
One of the specialised services of @ Constant contact performance. 


@ Long contact life. 


Johnson Matthey + Snead 


JOHNSON, MATTHEY & coO., LIMITED, HATTON GARDEN LONDON, —E.Cc. 
SAE AED AEE RASS A A EH PR ALS AG LENE! POLLAN DES EDIE RE DELEON AS BERLE SLE LLP A AERA T, 
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The Physics of Industrial Diathermy—Part 3 


By A. W. LAY, A.M.I.E.E., F.Inst.P.* 


ing methods the advantages of 
high-frequency technique may be 
summarised thus : 
As compared with Hot Plate Glueing 
(a) The temperature is uniformly 
distributed, 
(b) Time is usually greatly reduced 
for all except thin sections. 


I: comparison with orthodox heat- 


(c) Much thicker sections can be 
glued. 

(d) Higher temperature glues can be 
used. 

(e) Temperature can be more closely 
controlled. 


(§ The surface of the wood is not 
dried out before the interior. 


Advantages of R.F. compared with Cold 
Glueing : 


(a) Very large reduction in time 
cycles, 

(b) It allows of the use of phenol 
glues, 


(c) Makes for better and more con- 
sistent joints. 

(d) Requires fewer presses or jigs. 

(e) Results in large saving in floor 
space. 

Advantages of R.F. in Making Plywood 

(a) Reduction in the overall time 
cycle, 

(b) The number of dies needed is less. 


(c) Great reduction in _ internal 
stresses. 

(d) Facilitates close control of 
temperature. 


(e) Operations are less critical, 

(f) There is less likelihood of exo- 
thermic reaction. 
Gives greater latitude in design. 

The problem now becomes one of 
radio engineering design, 

It may be added that for some 
applications of H.F, heating technique 
which involve the use of plate type 
of applicators, it may be found con- 
venient to arrange two cuter plates in 
parallel at earth potential, and a third 
mid-way in the space between them. 
This third plate is active at full R.F. 
potential. 

Between the two spaces thus formed 
the wood, or other kind of work, such 
as plastic, form the dielectric of the 
two condensers in series thus con- 
stituted. 

The effective capacity and resistance 
of such an applicator system can be 
easily calculated from well-known 
laws, 


Case Hardening 

The application of H.F. technique 
is being extended to many industrial 
heating processes. They are already 
too numerous to detail here; but a few 
of the more important ones should 
be mentioned. 

It is well known that low-frequency 
induction has been in use for many 
years in the process of melting and 
heating metals before forging them. 

Our interest here is in the recent 
developments in the application of 
the skin effect produced by high- 
frequency currents in conductors, 

A full analysis of this requires the 
use of Bessel functions; but for the 
present purpose it may be stated that 
when a cylinder is heated by high- 
frequency current over go per cent. 
of the heat is generated in a peripheral 
layer whose thickness is ¢ cms., and 
which is small compared with the 
radius of the cylinder. On these 
asumptions ¢ is given thus: _ 


I 10°p 
t = —a]/—— = 5,030a/ — ... (54) 
27 


*p is the seein in cate . units, # 
represents permeability, and f the 
frequency in c/s. 

For carbon steel at room tempera- 
ture the thickness of the layer is about 

AO NV PIGINS alas tease uctet (54A) 
At the Curie point of about 790° C. 
the permeability suddenly falls to 
unity as indicated in Fig. 13. 

At this point there is an increase 
in resistance. The layer thickness ¢ 
of the heated ring is then 





a wipes ete Fer eC Cer (54B) 
Vi 

For example, if f is 1.0 Mc/s. the 

effective skin thickness of steel is 

about 0.002 cms. at 20° C, and 0.05 

cms, at the Curie point, 

The production of an outer con- 
centric ring of heat is almost ideal 
for case hardening where it is desired 
to produce a hard outer skin, or case, 
in steel, while at the same time allow- 
ing the core of the body of the steel 
to retain its original properties of 
toughness and tensile strength. 

From what has been written already 
concerning temperature gradients it 
will be appreciated that a_ steep 
gradient is momentarily established 





* Marconi Research Dept. 


* p in C.G.S, units = specific resistance : cm* x 10° 


between the outer ring of heat and 
the centre of the steel body. 

This material, however, is a good 
thermal conductor, and hence it 
follows that there’ will be a rapid 
flow of heat from the outer ring of 
heat to the centre unless the former is 
produced rapidly and the article 
quenched in a cooling medium, such 
as a fluid, before time has been 
allowed for thermal conduction to 
level up the temperature gradients, 

It has been found in practice that 
a heating period of 0.6 to 1.0 sec. 
between the initial heating and 
quenching is satisfactory, 

In order to accomplish this a power 
concentration of 1,000 watts per sq. 
cm. of surface is necessary. 

Analysis shows that the power 
absorbed in a metal body at constant. 
current in a heating coil varies with 
the square root of the product of its 
permeability and_ resistivity, in 
accordance with the expression : 

PACE NE Me Bless oi ices ic cestode rpms cciige (55) 

For some practical purposes it is 
useful to have an idea of the tempera- 
ture distribution in the body. This is 
is indicated by an equation due to 
Frankel, which takes the form of a 
convergent series when expanded; 
but it is too lengthy to set down here. 

This series indicates that the tem- 
perature at the point under considera- 
tion is a function of an empirical con- 
stant; of the wall thickness; of the 
distance of the point from the surface ; 
and of the time in seconds, 

The loss of heat due to radiation 
from hot bodies is indicated in 
Fig. 14. 

If the steel article is thick, or of 
large radius, a greater thickness, t, 
of the hardening can be allowed, since 
there would be ample steel left for the 
tough core. In this case a much 
lower frequency may be used, as 
indicated in Equation (54). 

This subject may be summarised by 
stating that by using high-frequency 
technique : 

Frequencies of from 50 Kc/s, 
50 Mc/s. have been used; but the 
most useful range is from about 
5 Mc/s. to 15 Mc/s. In this range up 
to 75 KW of H.F. power has been 
found necessary for some purposes. 

This is also very useful for dielec- 
tric heating technique. 
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Fig. 13. Curve showing change of permeability with 


temperature in carbon steel. 


In Part | of this series (p. 292 September issue) Figs. 7 and 8 were 
wrongly attributed to J. W. Taylor. 


Tinning Steel Plates by H.F. Heating 
Technique 

Until recently steel plate has been 
tinned by what is known as the hot 
dip process. 

This was not very economical either 
in time or tin, as by this method the 
steel plates had to be treated in- 
dividually, and about 1.5 lb. of tin 
was applied to each 100 lb, of steel 
plate. 

Whatever process is used to tin steel 
plate it is essential that the final 
finish shall be a uniform mirror-like 
surface in order to resist corrosion, 

This necessitates the tinning being 
melted at a temperature of 450° F. 
and thus caused to flow uniformly and 
produce the required fish, 

High-frequency heating technique 
is ideal for this purpose, and offers 
many advantages over the processes 
hitherto employed. 

It has been found possible in prac- 
tice to run long lengths of steel plate 
through the plating. bath and then 
finish by passing them through the 
field of an induction heating coil 
which raises the tin to its melting 
point; thus causing the flow which 
produces a uniform mirror-like finish. 

By using this process only about 
0.5 lb, of tin is required per 100 lb. 
of steel plate. The final thickness of 
the tinning is only about 0.00003 in, 
thick. 

The economy in this expensive com- 
modity is rendered possible by the 
uniform skin heating effect produced 
by high-frequency current. 

Steel plate used for tinning is 
usually 0.010 in. thick, and 28 to 





sida 


400 800 1200 
SURFACE TEMPERATURE (Fahrenheit) 





1600 


Fig. 14. Upper curves give the loss from heated metal 
by surface radiation to air at 75° F. Lower curves: 


Conduction through } in. metal wall to water at 75° F. 


36 in, wide. The new process facili- 
tates a continuous flow of steel plate 
along a line to the tinning and finish- 
ing plant. It is uncoiled from rolls 
containing 2 or 3 miles of untinned 
plate, and fed to the plant at a rate 
as high as 500 ft. per min. 

The skin effect of applying high- 
frequency current to conductors has 
already been considered. This pro- 
cess depends on that principle, 

We can apply the general laws of 
the physics of heat to the process, 

The specific heat cf steel strip is 
0.12, and its density 7.82 grams per 
c.c. Knowing this, the melting point 
of tin being 450° F., and the dimen- 
sions of the strip, we can calculate 
the power required to melt the tin. 
If this is P in KW we have: 

We SE Scans (56) 


v is the speed of the plate along the 
line in feet per minute, & the width 
of the plate, and ¢ thickness, both in 
inches, 

Now we have seen already that if 
the frequency of the high-frequency 
field is high enough that the current 
will be concentrated in a thin surface 
layer, and therefore the main body of 
the strip will not carry current. 

As stated already, space does not 
permit of the use of Bessel functions 
to deal with the heating effect, so we 
give an approximate equation due to 
Rosenberg for the eddy current loss'W 
in watts per sq. cm, of surface: 

W =2VpfT’B x 10-* (57) 

p is resistivity in ohms/cms.; f the 
frequency in c/s.; 7 the root mean 


At 1600° F. the surface loss by natural conduction is 5 
KW /sq. in. of surface to a layer } in. below the surface. 


square ampere turns per cm. of mag- 
netising force at the surface of the 
plate. # is the saturation flux den- 
sity in gausses. 

This expression assumes that f is 
high enough to give a thin skin of 
current and that the magnetising force 
is more than sufficient to. produce 
magnetic saturation, 

If we assign a _ saturation flux 
density of 18,000 gausses in the steel 
strip, of which the resistance is 15 
micro-ohms per cm.* then, if the 
dimensions of the strip are inches, we 
have : 

P = 3.307 (1/t) .x VfZ* x 10-* (58) 
where P is the rate of heating of the 
strip, in watts per cu. in., within the 
temperature range from the natural 
ambient temperature of the room to 
450° F. The other symbols retain 
their significance, 


Now Equation (58) gives us the 
total power required to heat the 
volume of tinned plate, which is con- 
stituted by ¢, &, and the rate of feed of 
wv ft, per min. This must be equal to 
the volume of strip within the induc- 
tor coil and the rate of heating per 
unit volume. Hence the length of 
the inductor coil to heat the tinned 
strip to 450° F. will be: 

= 3x u/p.x 10° (59) 
where Z is the length of the inductor 
coil in inches. 

This coil can be energised by a self- 
excited push-pull oscillator fed from 
a rectified supply. 

(Continued on p, 364) 
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The Application of Chemically Unstable Phosphors 
to Cathode Ray Tubes 


R. B. HEAD, M.Sc., (London)* 


By 


use of many phosphors for cathode- 

ray tube working has been pro- 
hibited on a number of grounds. 
Among these phosphors may _ be 
mentioned the alkaline-earth oxides, 
sulphides, selenides and _ tellurides. 
The alkaline-earth oxides cannot 
exist in the presence of water owing 
to the immediate formation of 
hydroxide, and the subsequent ab- 
sorption of carbon-dioxide from the 
atmosphere. The stability of the 
other compounds varies somewhat, 
but on exposure to a moist atmos- 
phere, sulphuretted, seleniuretted and 
telluretted hydrogen can be detected. 
These gases are toxic, and the phos- 
phors from which they are released, 
soon become spoiled, unless the 
necessary precautions are taken. 
The oxides are strong alkalis, and 
good desiccating agents, so good in 
fact, that they tend to ‘‘ steal ”’ 
water from less powerful desiccants 
such as silica-gel. Owing to the 
relatively short distance of electron 
penetration’ at low voltages, the 
efficiency of some _ phosphors is 
materially decreased after an ex- 
posure of only three or four minutes 
to the atmosphere, since the crystals 


I: has long been known that the 


become superficially covered with 
layers of non-luminous _ reaction- 
products. Although a considerably 


higher beam-voltage is then necessary 
to excite fluorescence, a much smaller 
loss of efficiency is often noted under 
ultra-violet excitation. 

Unstable materials may be roughly 
grouped into three classes : 

(1) Materials which cannot be ex- 
posed to the atmosphere for more 
than three or four minutes. (SrO, 
BaO). 

(2) Materials which can be exposed 
to air for at least an hour. (CaO, 
SrS, SrSe). 

(3) Materials, such as certain sul- 
phates, which though soluble in 
water, do not show appreciable hygro- 
scopicity. 

It is clear that the materials in (1) 
and (2) cannot be applied to the 
surfaces of cathode-ray tubes by the 
use of the more common binding 
agents, or by any method wherein 
the, binder contains any substantial 
amount of. water. Attempts to 
*Cinema-Television Lithited. 





‘settle’? the phosphor crystals in 
organic media such as acetone fail 
firstly because it is virtually impos- 
sible to prepare perfectly dry acetone, 
and secondly, because even ‘‘ well- 
dried ’’ acetone soon absorbs an 
appreciable quantity of water in 
contact with the atmosphere. In any 
case, the construction of a cathode- 
ray tube containing an _ unstable 
phosphor presents other difficulties 
since the application of the conduct- 
ing coating is often carried out by a 
wet method. The writer has found 
that if the tube is completed up to 
the ‘sealing on’’ stage, and the 
screen applied by a specially de- 
veloped method immediately before 
sealing on, very serviceable tubes can 
be made employing the most unstable 
types of phosphors. This _ special 
method forms the subject matter of 
British Patent No. 586524 in the joint 
names of the author and Cinema- 
Television, Ltd. During the appli- 
cation of such a screen, the delay 
between the unsealing of the phos- 
phor sample, and the commencement 
of pumping has been reduced to as 
little as a hundred and fifty seconds. 
The effectiveness of this new method 
of applying screens lies both in the fact 
that the particles are anchored only 
at one point (a general suggestion to 
this effect regarding stable materials 
was made by Levy and West in their 
1936 paper, read before the I.E.E.), 
and also in the fact that single- 
crystal-layer screens are formed. In 
cases where the screen is directly 
activated by cathode-rays, the single- 
crystal-layer can be a condition for 
maximum efficiency, providing the 
electron penetration at the working 
voltage is small compared to the 
depth of a single crystal. 

Several binders may be used with 
unstable materials, the most impor- 
tant of these being phosphoric acid. 
The amount used is about 0.00001 
grms./sq.cm., or less than _ one- 
thousandth of the weight of lumines- 
cent material to be applied. The 
phosphoric acid is heated electrically 
on a platinum spiral, where it 


evaporates freely at temperatures in 
the neighbourhood of 1,100° C., ana 
recondenses a short distance away to 
form a smoke or fog of droplets. 
This smoke is then blown into the glass 


envelope of the cathode-ray tube, and 
allowed to settle for a short time upon 
the surface to which the screen is to 
be applied. The excess smoke is 
then blown away, leaving a very fine 
deposited mosaic of droplets upon the 
surface. The mosaic is usually 
invisible unless examined  micro- 
scopically, and is thus totally differ- 
ent from the coarse condensation 
mosaic formed where vapours are 
allowed to condense directly upor 
surfaces. A suitable quantity of a 
phosphor poured over the mosaic will 
now adhere to form a layer one 
particle thick, the excess powder 
being removed by vibrating the sur- 
face. The phosphoric acid trace 
attacks many phosphors in the cold, 
and on baking, glass carriers are 
somewhat attacked, the binder now 
existing as a mere trace of reaction 
product. The bombarded surfaces of 
the particles do not, of course, come 
into contact with the phosphoric acid. 
The process is of use with stable as 
well as unstable materials, but since 
an excess of phosphor is removed by 
vibration, it will be apparent that the 
percentage area of the screen covered 
with material, and thus the luminous 
efficiency, will depend upon the 
physical properties of the material, 
its size-frequency distribution, and 
the number of times the phosphor is 
poured across the surface of the 
screen. 

True hexagonal packing does not 
occur in a single-crystal-layer, since 
it is always necessary to deal with a 
range of shapes and sizes of particle. 
Experiments with well-crystalline 
substances, such as the coarser sul- 
phides show that a superficial cover- 
age-factor of o.g may be reached. It 
is clear, however, that it is not 
possible to fill all the gaps between 
the first layer of deposited crystals by 
continuous rolling of a powder across 
a mosaic. While such a procedure 
does improve the coverage-factor it 
encourages the formation of aggre- 
gates, unless the physical properties 
of the phosphor are exceptionally 
goog. ~The best screens have been 
made from _ phosphors possessing 
steeply rising size-frequency distri- 
butions, which cut off rather sharply 
in the fines. In this case, a greater 
number of fine particles exist which 
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are suitable for filling gaps between 
the larger crystals. It is not possible 
to construct screens in which , the 
crystals are placed extremely close 
together in one pouring operation, 
because the crystals at the edge of a 
sliding pile are often forced to 
rotate through a considerable angle 
before a facet contacts the mosaic. 
The use of particles of less than 
0.01 mm. maximum linear dimension 
presents a good deal of difficulty 
since the surface forces, very much 
in evidence, tend to prevent com- 
plete removal of the excess phosphor 
from the sirtgle-crystal-layer. The 
successful application of very fine 
powders thus depends on the skill 
and experience of the operator, 
whereas little skill is required where 
the particle size is larger. 

During the formation of a crystal- 
line material at a high temperature, 
a struggle takes place between the 
forces of surface-tension and those of 
crystallisation. This often results 
in the smaller crystals becoming 
rounded, so that the crystal faces are 
poorly marked, or even apparently 
absent. Particles of this sort, as 
well as irregular masses of inter- 
penetrating crystals cannot be made 
to adhere very strongly to mosaics 
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unless the particle size is small. 
The adherence of some stable mate- 
rials, zinc and zinc-cadmium  sul- 
phides is so strong after baking, that 
the particles are not removed by con- 
centrated hydrofluoric acid, and in 
some cases can only be removed by 
dissolving them in situ by the use of 
hot concentrated aqua-regia. 

The preparation of some of the 
oxide phosphors occasionally gives 
difficulty. Where the phosphor is 
manufactured from a_ nitrate or 
hydroxide, which fuses before solidi- 
fying, an extremely hard cake of 
material often forms, which may defy 
crushing. The writer has found that 
if the material is heated from the top 
only (by radiation), in a tall crucible, 
the last traces.of water which are ex- 
pelled cause the material to expand, 
forming a loose froth, which efter 
calcination at temperatures as high as 
1,450° C., easily falls to a crystalline 
powder on gently stirring with a rod 
of alumina. It is thus possible to 
prepare unstable phosphors of con- 
siderably improved physical proper- 
ties. (Patent pending.) 

The following sequence of opera- 
tions will provide some idea of the 
construction of a cathode-ray tube 
containing an unstable material : 
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(1) A tube complete with gun, con- 
ducting coating, and an extra side 
arm is supplied to the operator. 

(2) Operator admits phosphoric 
acid suspension via side arm, allows 
to settle, and blows out excess, 

(3) Operator unseals  phospnor 
sampie, and _ introduces requisite 
quantity of powder via the side arm. 

(4) Operator commences to pour 
the phosphor over the mosaic, ana 
his assistant immediately seals up 
phosphor sample and places in dessi- 
cator. Starts backing pump. 

(5) Operator vibrates screen to re- 
move excess powder, and removes 
excess via side arm by manipulation, 

(6) Glass-blower seals up side arm, 
seals tube on to vacuum system, and 
opens vacuum tap. 

It is seen that this technique re- 
quires the use of considerable pre- 
cautions, and a certain amount of 
trouble. The screen quality consist- 
ently obtained with some materials, 
however, is at least equal in uni- 
formity and grainlessness to that 
obtainable with good single-crystal- 
layer sulphide screens, and it is to be 
hoped that some materials, which 
remain of merely academic interest 
at the moment, will become of 
general use. 





The Physics of Industrial Diathermy 
(Continued from p, 362). 


At present the frequency in use for 
this process is 200 Kc/s., and several 
units, each generating 200 KW of 
high-frequency power, are installed 
in some plants. 

The design of the high-frequency 
equipment follows orthodox practice 

In addition to the applications of 
high-frequency technique already 
mentioned the following are only a 
few of the many developments. 

The manufacture of laminated 
plastic materials. Fusion, or joining 
thermoplastic materials together. 
Drying of rayon yarn; paper; tex- 
tiles; powders, ceramic clays; 
oxides, such as alundum and car- 
borundum; tobacco; and edible mat- 
ter. The thermogenic properties of 
high-frequency currents are valuable 
in accelerating cooking and baking 
processes; and can be used to destrov 
infestation in grain and cereals 
generally, also in accelerating chemi- 
cal reactions, 


Of General Interest in Industrial Applications 
of H.F. Power is the Screening Problem 


The laws of E.M. radiation and the 
technique of screening are sufficiently 
well known as to need no detailed 
discussion here, but it may not be out 
of place to mention that since radia- 


tion is a function of the radiation re- 
sistance and current external to the 
R.F, generator, and as the radiation 
resistance is proportional to the square 
of the ratio between ‘the distance 
separating the current carrying con- 
ductors and the working wavelength, 
a special problem arises in the appli- 
cation of heat frequency to wood- 
working processes, 

Some problems may be met in this 
technique where the _ specification 
requires a high power set capable of 
dealing with a large volume of wood 
per charge of the applicator, and that 
the thickness of the stack of wood 
may be such that the thickness causes 
the applicator plate spacing to be a 
considerable fraction of the working 
wavelength, 

The efficiency of the applicator 
system as a radiator will be appre- 
ciated. 

This problem is best solved by 
installing the whole equipment in a 


_screened building in accordance with 


B.S.I. Specification CJ(ELE) 760. 
CP: 1947. 

No doubt forthcoming legislation 
will allocate specific frequencies for 
non-communication equipment, and 
decree that all such apparatus must 
be operated in an efficiently screened 
enclosure, 


Correction to Part 2. 


Unfortunately some printer’s errors 
made nonsense of the mathematical 
reasoning in calculating the rate of 
heat generation on p, 290, September 
issue, although the final result was 
given correctly. 

The intermediate steps should have 
read as follows: 


H_ dy.dz.dx.dt=s.m (00/0t) dy.dz.dx.dt 
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A New Double Electrometer Valve 


order of 10-* amperes may be 


Goreer electrical currents of the 
measured by 


means of circuits 
using the so-called Electrometer 
Valves. These are thermionic valves, 
usually triodes or tetrodes, with very 
high input grid insulation (of the 
order 10” to 10” ohms). The maxi- 
mum sensitivity of such circuits is, 
however, limited by fluctuations in the 
supply voltages and in the filament 
emission of the valves. 

Several workers, notably Brentano’ 
and Wynn-Williams’ have described 
balanced bridge circuits, using two 
valves in which the effects of fluctua- 
tions in battery potentials may be 
eliminated. These circuits, however, 
do not compensate for random fluctua- 
tions in the emission of the individual 
valves, such as might be caused by the 
slow poisoning or activation of one of 
the filaments. 

This latter point was overcome by 
DuBridge and Brown® who used only 
one valve—a tetrode, in which the 
anode and screen currents were 
balanced against each other. In this 
case, only changes of emission which 
alter the ratio of the anode and screen 
currents are detected, and it was found 
possible to operate in such a way that 
small variations in emission or in 
supply voltages did not affect this 
ratio. This arrangement, while 
giving very good stability, has one or 
two disadvantages, in that the opera- 
tion was limited to a particular point 
on the valve characteristic and the 
asymmetry of the circuit made it diffi- 
cult to compensate for the effects of 
interference from stray electric fields. 

In. 1939, Brentano and _ Ingleby‘ 
pointed out that the symmetrical 
nature of the two-valve circuit, to- 
gether with the improved stability of 
the one-valve circuit could be com- 
bined into the one circuit by using a 
double electrometer valve—a_ valve 
with two anodes and two control grids 
but only one filament. Such valves 
have been described by Darbyshire® 
of this laboratory and, in America, 
by Lafferty and Kingdon’. 

The performance of these valves 
obviously depends on the extent to 
which perfect symmetry between the 
two halves of the double valve has 
been achieved. ‘The use of a V-shaped 
filament (as in the split version of the 
FP.54) makes the attainment of this 





* Ferranti Ltd. 


By G. C. LITTLE * 





The Ferranti Indirectly heated 
Electrometer Tetrode. 


difficult, for a displacement of any 
one of the three supporting points will 
mean a lack of symmetry between the 
two halves of the valve. This diffi- 
culty may Le partly overcome by the 
use of a straight filament (as in the 
Ferranti DBM2). 

Another solution, however, is to use 
an indirectly heated cathode. This 
has the following advantages: . 

(a) The cathode is more easily 
located symmetrically than a filament. 

(b) In all electrometer valves the 
applied electrode potentials must be 
low in order to avoid producing 
ionisation in the residual gas. The 
indirectly heated equipotential cathode 
is more efficient when used in conjunc- 
tion with low electrode voltages. 

(c) The valve is less susceptible to 
microphonic disturbances’ since the 
cathode may be fixed firmly, whereas 
a filament has to. be supported at one 
end by a tensioning spring. ; 

(d) The cathode is of necessity 
larger than the small filament nor- 
mally used in electrometer valves and 
has therefore a larger space charge 
associated with it. This, as shown by 
Brentano, gives improved stability 


with respect to changes in_ battery 
potentials. (The larger cathode is in 
one respect a disadvantage, for the 
grid current is likely to be increased 


due to increased photo-electric or 
thermal emission. These effects, how- 
ever, have not been found to be 
serious). 


An indirectly heated double electro- 
meter tetrode has now been developed 
by Ferranti Ltd. The tentative rating 
is as follows: 

Type DBM6A 

Heater, 4 volts .24 amps. 

Screen voltage, 6. Anode voltage, 8. 
Anode currents at zero grid bias, 

300 HA per anode. 
Cut-off voltage, 8 volts (approx.). 
Mutual conductance (at Vz; = —3) 

= 40 KA per volt (each side). 
Amplification factor, 2.5 (approx.). 
Control grid currents (both highly 

insulated) less than 10-” amperes. 
Directly heated double valves have 
stability of 10-20 mV per 1 per cent. 
change in heater current, against 
50-100 mV for single valves, while 
the new indirectly heated valves 
have a stability of 2-; mV. When 
used in a DuBridge-Brown circuit 
this figure is decreased to 0.1 mV, a 
high degree of _ stability being 
retained over a wide range of input 
signal. This makes them particu- 
larly suitable for input stages in D.c. 
ainplifiers. 

A single version of this valve has 
also been developed and is known as 
the BM6A. It has a higher mutual 
conductance and amplification factor 
than the normal directly heated elec- 
trometer valve and, owing to the 
larger space charge produced by the 
cathode, an improved stability of 
about 25 mV input grid signal per 1% 
change in heater current, 

The writer wishes to express his 
sincere thanks to Dr. Darbyshire, 
Chief Physicist, Ferranti Ltd., for his 
guidance and encouragement during 
the development of these valves, and 
to Ferranti Ltd. for permission to 
publish this article. 


a> 
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The 
Synchrodyne 


Further Notes on the receiver 


shown at Radiolympia 


by D. G. TUCKER, Ph.D.* 


HE photographs on this page 
FT! snow the Synchrodyne receiver 

made for the G.P.O. stand at 
Radiolympia. For exhibition pur- 
poses it is physically larger than 
necessary, but it is basically the 
receiver shown in Ejg. 5 of the article 
in the September issue of ELECTRONIC 
ENGINEERING. Several refinements 
have been added, however, notably 
a device for providing a very con- 
siderable suppression of the tuning 
whistle, a tuning indicator, and a 
cathode-follower valve in the syn- 
chronising path to make the oscil- 
lator frequency (i.e., its natural fre- 
quency) independent of the setting of 
the synchronising control potentio- 
meter. In a further article on 
refinements and extensions to the 
synchrodyne circuit, these points will 
be included, together with a full 
circuit diagram of this exhibition 
model to illustrate them. 

In the top photograph, the right- 
hand portion of the chassis is 
occupied by the mains unit, which is 
perfectly conventional in design, The 
centre portion comprises the high- 
frequency section of the receiver. 
The half of the tuning condenser at 
the rear of the photograph is the 
oscillator-tuning condenser, and the 
pot on its left contains the associated 
tuning transformer, with the oscil- 
lator valve in front. The other part 
of the tuning condenser and the coil 
in front of it comprise the aerial 
tuned circuit, which is highly damped 
to avoid any restriction. in the 
response of the received signal. This 
tuned circuit and the first R.F. ampli- 
fier valve in front of it are carefully 
screened by a cover (removed in the 
photograph) which completely en- 
closes them. The other two valves 
in this portion of the chassis are the 
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Looking down on the exhibition receiver from the back. 











View of underside of chassis, showing also the front plate with slow-motion tuning control. 


second R.F. stage and the cathode- 
follower in the synchronising path. 
The preset control between them is 
the synchronising control potentio- 
meter. The transformer and recti- 


fiers (crystal type) of the ring 
demodulator are mounted under the 
chassis. The two control knobs fitted 
in this portion of the receiver are the 
R.F. gain controls; that in the com- 
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Coil Design Data 
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OSCILLATOR COIL 








AERIAL TUNING COIL 


MODULATOR COIL 








The following table gives the specification for the coils used in the designs of the Synchrodyne Receiver described in the September issue 
of ‘‘ Electronic Engineering.’’ It has not been found convenient to use air-cored coils, and the following iron dust-cores will be required : 
For Coils | and 3 (Oscillator and transformer) Neosid T.10B. 


For Coil 2 


(Aerial Tuning) 


Neosid T.6. 





|. Oscillator Coil 


2. Aerial Tuning Coil 


3. Transformer (T,) 





This is required for all types of circuit (see Figs, 
1, 5, and 6 in the Sept. issue). 


Tuned Winding: 48 turns of 9/40 Litz. wire 
100 wH. inductance. 


Grid Winding: 15 turns of No, 38 enamelled 
copper 10 wH. Inductance, 


Modulator Winding : 5 turns of 81/46 Litz wire. 
| wH. inductance. 


The last winding Is not required for the circuit 
of Fig.6. 





See Fig. 5 of the Sept. issue. 


23+23 turns, centre-tapped of 9/40 Litz wire 
100 wH, inductance. 


The 100 wH. winding of the oscillator coil 
(No. 1) may be used as the aerial coll of Fig. 5 in 
place of the special coil if tapped as required. 


Alternatively, the 10 wH. winding of the 


See Fig. 5 of the Sept. issue. 


Anode Winding : 380 turns of No. 42 enamelled 
wire 7 mH. inductance. 


Rectifier Winding : 76+-76 turns centre-tapped 
No. 38 enamelled wire. | mH. inductance. 


A copper screen 2 mils. thick is interposed 
-: ee the wi Ai 





oscillator coil may be used as an aerial pling 
coil in place of the tapping arrangement, 
retaining the 100 ywH. coil for tuning. 





b gs, the ends of the screen 
po insulated and any one point connected to 
earth. 














Correction : In Fig. 5 of the design article, the negative feedback arrangement was shown incorrectly. The correct arrangement is 
x 


R, (=25,000 ohms 


ed) feeding back to the variable point of the 250 ohm potentiometer replacing R,. R, should be omitted. 


A 0.0IuF. capacitor should be connected from the cathode of V, to the variable point. 


partment to itself is a potentiometer 
across the aerial tuned circuit; the 
other is the negative-feedback control. 

The portion of the chassis at the 
left of the top photograph contains 
the audio stages. Actually only one 
valve was fitted, as earphone strength 
was the requirement (the loudspeaker 
used for demonstration normally has 
its own power amplifier); but space 
was left for a power stage to be fitted 
when required. The meter seen in 
this portion was originally intended 
for monitoring the adjustment of the 
tuning-whistle suppressor, which in- 
volves a negative bias to a rectifier 
network normally blocking the audio 
path; this bias is overcome by the 
D.C, output from the demodulator 
when synchronism is obtained, The 


meter reads the D.c. voltage across 
the rectifier network, and was found 
to be very useful as a tuning in- 
dicator. It is recommended that in 
any other models of the receiver it 
should be fitted on the front plate 
and not at the back. The dry battery, 
which can be seen at the right of 
the lower photograph, provides the 
negative bias to the rectifier network. 

One advantage of the generous lay- 
out of this receiver is that there is 
space for the addition of other 
refinements which may appeal to the 
user, such as a_ special oscillator- 
stabilising and phase-control circuit 
to be described in the next article. 
It. would then become a receiver of 
real precision and perfect quality. 

Some readers will have seen the 


small synchrodyne receiver shown on 
the ELECTRONIC ENGINEERING stand 
at Radiolympia, and will be in- 
terested to know that the circuit 
was exactly that of Fig. 6 of the 
September article (one R.F. amplifier 
valve followed by a triode-hexode 
demodulator) with the addition of an 
H.F. pentode (SP41) as a medium- 
power output stage. One watt output 
was obtainable from a 1o-mV input 
signal, and under these conditions 
there was negligible detected inter- 
ference from an adjacent station only 
9 kc/s. away at equal level. 

Both these receivers were con- 
structed by Messrs, E. H. E. Barron 
and J. F. Ridgway, who were also 
largely responsible for their mechani- 
cal design, 
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CORRESPONDENCE 


We publish below a selection (based on the more interesting technical points raised) of the 
considerable correspondence received following Dr. D. G. Tucker’s articles in the March, 
August and September issues of Electronic Engineering. Previous correspondence was published 


Mr. B. Starnecki : * 

It would be perhaps of interest to 
you to know that a receiver based 
on the same principles as_ the 
‘ Synchrodyne’’’ was designed by 
me 1n_ 1934; and patentst were 
granted to myself and the State Tele- 
communication Works in Warsaw 
in 1939. 

The only difference between Dr. 
Tucker’s design and mine is that I 
have combined the oscillator and the 
modulator in one valve (the early 
Phillips Hexode E.H.1).. In this 
particular valve a very strong syn- 
chronising effect occurred, caused by 
the internal coupling between the 
incoming signal and the oscillating 
part of the valve—as a matter of fact, 
the valve disappeared from the mar- 
ket as a frequency changer because 
of this effect. 

All the characteristic points of the 
Synchrodyne’ are mentioned in the 
patent specification (7.e., the possi- 
bility of obtaining a good selectivity 
by means of a low-frequency filter 
only, the necessity of synchronis:ng 
the local oscillator with the incoming 
signal, working on the linear part of 
the characteristic of the modulating 
valve, etc.). The claims, however, 
deal only with a receiver in which all 
the necessary functions (local oscil- 
lator, synchronising, modulation) are 
performed in one single valve of a 
proper design. It was mentioned in 
the description that this method is 
much simpler than any other method 
necessitating additional devices for 
modulation and synchronisation. 

It might also be worth mentioning 
that in 1939, the Russians, probably 
not knowing about the existing 
patent, published a paper on the 
same subject in the Russian journal 
Elektroswiaz (No. 6, 1939). 


Mr. P. K. Chatterjea : 


It seems to me that the process of 
Homodyne reception is not so very 
different from that suggested in these 
articles by Dr. Tucker. While on 
the staff of the Advance Development 








* Signals Research and Development Establishment 
(Ministry of Supply). 
t B. Starnecki, Polish Patent No. 28655, June 1939. 


in the July issue. 


Dept. of Messrs. Kolster-Brandes I 
investigated the field of possibilities 
of Homodyne reception and found 
extremely little information thereon 
or enthusiasm in connexion with 
them—the only literature providing 
any worthwhile information being 
patent specifications. All this had to 
be shelved due to the urgency of war 
contracts and developments. But in 
the meantime it would be of interest 
if Dr. Tucker could give us some 
comments on the differences between 
his method and that of homodyne 
reception. 

The subject is of great interest, if 
from no other point of view than the 
attainment of some semblance of an 
intelligent compromise between the 
requirements of selectivity and 
quality. 


Mr. D. M. Mackay : § 


I was rather surprised to read in 
Dr. Tucker’s interesting article the 
other month,’ that a distinguishing 
feature of the Synchrodyne is ‘“ the 
separation of the requirements re- 
garding selectivity and quality, so 
that each can be adjusted independ- 
ently of the other.” 

At first sight this seems to claim an 
impossible virtue, and indeed one of 
the more elegant theoretical features 
of the system is the clear way in 
which it brings out the well known 
interdependence of adjacent-channel 
selectivity and audio-frequency re- 
sponse,«since both, in the absence of 
R.F. preselection, depend on precisely 
the same parameter—the upper cut-off 
frequency of the audio stage. (Re- 
quirements regarding synchronisation 
are admittedly independent of 
quality, but are of course additional 
to the normal “selectivity v. quality’’ 
considerations), 

This seems to require emphasis, 
since several readers have, to my 
knowledge, interpreted the author as 
claiming to have thrown off the 
Shackles binding the quality enthu- 
siast to an audio bandwidth not 
greater than the adjacent-channel 
separation. By no artifice of circuitry 





§] University of London, King’s College, 
2 August issue, p. 241. 


(as Dr. Tucker will no doubt agree) 
can we make the two limits inde- 
pendent. 

It is evident (particularly on refer- 
ring to the previous article on the 
subject’) that a very restricted inter- 
pretation of the claim was intended, 
and there are certainly two aspects of 
the selectivity problem in the Syn- 
chrodyne which ease the inevitable 
compromise with quality. 

Firstly, as pointed out by the 
author, rejection of the adjacent- 
channel can be carried out by means 
of an A.F. filter—an easier design 
problem than an -R.F. filter of com- 
parable bandwidth. Secondly, even 
an unfiltered synchrodyne’s response 
is zero (i.e., entirely inaudible), out- 
side a maximum ‘effective R.F. band- 
width of just twice the frequency-limit 
of hearing. 

In the case of adjacent-channel 
interference, then, the system does 
help us to approach more closely the 
theoretical limit of audio response 
set by _ selectivity requirements, 
though it in no way enables us to 
exceed it. Moreover, from a practical 
point of view it does so with great 
simplification in circuit technique, so 
that in some marginal cases it is true 
to say that it would make practicable 
the high-quality reception of a 
station which would normally require 
undesirably complex R.F. filters to 
separate it from a near neighbour. 

This perhaps scarcely justifies the 
claim that selectivity and quality can 
be adjusted independently; at the 
same time, it is hoped that readers 
will not be deterred from sampling 
such an excellent ‘cake’ by this 
warning that they will not be able to 
“have it ’’ as well! 


Points from other Letters 

Dr. T. H. Turney comments on the 
how! produced when tuning in, and 
considers it would be better to extract 
the carrier by means of a filter instead 
of a synchronised oscillator. He had 
tried out such a system before the 
present articles were published, 
using a valve as the modulator, and 
he emphasises the need to use a non- 








* March issue, p. 75. 
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variable-mu valve, having found the 
ordinary mixer valve unsatisfactory. 

Dr. F. Aughtie (National Physical 
Laboratory) questions the ‘statement 
that there is no distortion when the 
oscillator is working slightly detuned, 
i.e., still synchronised, but not in the 
middle of the synchronising range. 
He points out that in some systems in 
which a reinforced carrier is supplied 


. via a local circuit, any phase error in 


the carrier results in harmonic distor- 
tion of the audio signal; and he asks 
whether this applies to the Synchro- 
dyne. 


Dr. D. G. Tucker (in reply) 


As regards Mr. Starnecki’s patent, 
I have inspected the specification he 
sent to the Editor. I have not yet 
been able to obtain a translation, but 
from the mathematised expressions 
and from the diagram I can see that 
he has certainly anticipated me in 
stating some of the requirements of 
the Synchrodyne system; but I should 
think his circuit is rather an improved 
homodyne than what I intend by the 
term ‘‘ synchredyne.’’ The separation 
and individual adjustment of the 
various functions of amplifying, 
modulating, oscillating, synchronis- 
ifg, etc., as used in my circuits is, I 
feel, an essential feature if really 
good and reliable operation over a 
range of input levels and frequencies 
is to be obtained. Mr. Starnecki’s 
circuit, in ‘which all these functions 
are combined, seems unlikely to give 
as good results in practice. 

I have followed up Mr. Starnecki’s 
reference to the Russian journal, 
copies of which seem extremely rare 
in this country. I imagine the article 
he means is the very long one, 
‘“* Selective Demodulation,”’ by E. G. 
Momot, on p. 3 of the journal. This 
discusses at great length the method 
of demodulation by a tone of the 
carrier frequency obtained (I surmise) 
from some sort of synchronised oscil- 
lator, and certainly does appear to be 
related to the method under discus- 
sion now. I am having difficulty in 
obtaining a translation, and so cannot 
go any further into the matter at 
present. 

As for Mr. Chatterjea’s comments 
regarding literature of the subject, I 
agree there seems very little, but in 
previous correspondence’ I have re- 
ferred to Colebrook’s early article, 
and Mr. Starnecki (see above) has 
given two important references. 
Some British patents’) which have 
some bearing on the matter are Nos. 





1 See Electronic Engineering, July 1947, p. 238. 
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396772, 460179 and 549465. I have 
already given some comments on the 
differences between the synchrodyne 
and the homodyne in previous corre- 
spondence, and in my reply to Mr. 
Starnecki (above). 

Mr. MacKay has called me to order 
on my statement regarding the inde- 
pendence of selectivity and quality. 
Taken out of its context, the statement 
is admittedly a little too sweeping, 
but I hardly think that anyone reading 
my first article as well as the later 
ones could misunderstand my claims 
for the circuit. Mr. MacKay’s 
criticism is, I feel, rather more 
sweeping, because he does not point 
out that the inter-channel interference 
in a conventional receiver comprises 
not only his relatively inoffensive and 
almost supersonic ‘ splash ’’ which 
can be eliminated by a low-pass filter 
in the A.F. stages, but also the modu- 
lation-frequency output (intelligible 
and covering the whole A.F. range) 
produced by the detection of unwanted 
signals which get past the R.F. or LF. 
filters. I believe this latter type of 
interference is actually by far the 
more serious in practice, and my 
statement is made on this assumption. 
Consider, for instance, a ‘‘ quality ”’ 
receiver which has a R.F. or I.F. band- 
width of 18 Kc/s., in order to allow 
ag Ke/s. audio bandwidth. A station 
9 Kce/s. away from the wanted 
station, at equal strength, receives, no 
filter discrimination against its carrier 
and one sideband. There is, there- 
fore, no appreciable detector dis- 
crimination and an_ intelligible A.F. 
signal is produced at a level nearly 
equal to that of the wanted signal. 
In a Synchrodyne receiver, there 
would in such a case be practically no 
intelligible A.F. signal from the un- 
wanted station, but merely the unin- 
telligible sideband splash (which 
occurs also in the conventional cir- 
cuit) mainly at frequencies above 
5 Kc/s., where the ear can almost 
certainly tolerate a much worse 
signal/noise ratio than at frequencies 
around 1 Ke/s. For the conventional 
receiver to be usable in the circum- 
stances, the IF. bandwidth would 
have to be reduced to about 10 Ke/s., 
equivalent to a 5 Kc/s. audio band. 
Thus the Synchrodyne gives a much 
better performance on __ adjacent- 
For interfering 
signals more remote in frequency, the 
interference in the output can be made 
negligible in conventional circuits as 
in the Synchrodyne, but not with such 
simplicity of circuit. 

As regards Dr, Turney’s points, I 


‘believe the carrier is extracted from 
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the incoming signal by a filter in one 
or two commercially-developed sys- 
tems, such as the exalted-carrier 
system, and the method is no doubt 
quite successful. It is, however, 
rather complicated as compared with 
the Synchrodyne, and not really suit- 
able for operation over a continu- 
ously-variable range of frequencies. 
I agree about the use of the ordinary 
mixer valve, and have. given warn- 
ings in this respect in Part I of my 
article on Design. 

Dr. Aughtie is right in questioning 
my statement regarding absence of 
distortion when the oscillator is work- 
ing near the pull out point. There 
is, in fact, a slight distortion (which 
is only occasionally noticeable to the 
ear, but which can be detected by 
careful measurement) due to the fact 
that near the pull-out point, the actual 
nearness to pull-out varies from in- 
stant to instant according to the 
instantaneous amplitude of the enve- 
lope of the incoming signal, and this 
causes a modulation of the audio out- 
put at the modulation-frequency, i.e., 
harmonic distortion. Thus it is best 
to work near the optimum point of 
the range. The effect is not, however, 
analogous to that mentioned by Dr. 
Aughtie. 


Editorial Note : 


Much interest was taken in the 
Synchrodyne receivers shown at 
Radiolympia on the Post Office and 
ELECTRONIC ENGINEERING stands and 
readers are thanked for their interest 
and appreciative remarks, 

In response to requests, particulars 
of the coils used are given on another 
page and arrangements are being 
made to supply these through Messrs. 
Webbs Radio, of Soho Street, W.1., 
or Messrs. Tele-Radio, Ltd., of 177 
Edgware Road, W.x. 


Photographs of the simple form of 
the receiver (see Fig. 16, September 
issue) are being reproduced later. 


For those who have not been able 
to obtain copies of ELECTRONIC 
ENGINEERING containing the original 
articles, a limited number of reprints 
of the complete series can be supplied 
from this office, price 2s, 2d. post 
free. 

Orders should be accompanied by 
a Postal Order for this amount, and 
the envelope should be marked 
“ Synchrodyne,’? ELECTRONIC EN- 
GINEERING, 28 Essex Street, Strand, 
W.C.2. 

We will be pleased to hear of the 
experiences of readers who have 
already constructed the receiver. 
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THE RADIATION 
LABORATORY 
SERIES 


The McGraw-Hill Book Company is proud 
to announce the forthcoming publication of 
the largest series of books on physics and 
electrical engineering ever undertaken. The 
Radiation Laboratory Technical Series, 
comprising 28 titles and a general index, 
and arranged by the Massachusetts Institute 
of Technology for the United States Govern- 
ment’s Office of Scientific Research and 
Development, yeports the result of five 
years’ work on Radar. 


FIRST VOLUME 
NOW AVAILABLE 


Radar -System 
Engineering 


Edited by LOUIS N. RIDENOUR, Professor of 
Physics, University of Pennsylvania. 

748 pages 9x6 37/6 net. 
Please order any McGraw-Hill books you require 
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Radar Engineering 


Donald G. Fink, (McGraw-Hill Company, 
Incorporated, London and New York, 1946. 
644 pp.) 


This excellent book will be most valuable 
to all who are concerned with the develop- 
ment of radar and allied equipment. It is 
a remarkable achievement to have covered 
the whole field of radar up to the end of 
the war in such a short space. This is 
made possible only by a pleasingly terse 
style which makes the book easy to read 
although highly technical. 


The book begins with a delightful chapter 
giving a short history of radar, followed 
by a discussion on the uses of radar and 
the possible ways in which the require- 
ments can be met. As might be expected, 
the account deals most fully with American 
developments, but due acknowledgment is 
made to the British contribution. 


The second chapter deals with the prin- 
ciples of pulse generation and transmission. 
By the use of the Fourier Integral, Mr. 
Fink makes the theory of transient 
phenomena easily understood, and his prac- 
tical examples are chosen to indicate the 
limitations that are met in the design of 
pulse circuits, For the computation of 
actual performance, however, the opera- 
tional calculus is, in general, less tedious 
and it is a pity that: no examples of the 
use of this method are given. 


The next chapter on ‘‘ Radio Frequency 
Fundamentals,’’ begins with a treatment of 
transmission line theory which is not easily 
understood. It is better covered in a 
number of other books, and has, no doubt, 
only been included here for the sake of 
completeness. The circle diagram method 
of calculating impedances is described in 
detail and is used with good effect through- 
out the book. The treatment of the 
physical principles underlying waveguide 
propagation is excellent and this leads on 
naturally to the consideration of special 
waveguide components and then to oscil- 
lating circuits and resonant cavities. 


The next chapter on “* Radiators, Reflec- 
tors and Propagation ’’ is a shert and 
adequate introduction to the theory of 
antennae used in radar equipments, 
followed by a discussion of the propagation 
of radar signals over the earth, since this 
affects the effective vertical polar diagram 
of the system. 


The section on ‘* Radio-frequency Funda- 
mentals ’’ is adequate, and is completed by 
a discussion of the effect of the shape and 
size of the target on the reflected signal 
and a short and valuable: description of 
the use of the Doppler effect for distinguish- 
ing moving targets from a_ stationary 
background. 


The second half of the book, called 
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BOOK 


“* Radar Circuits and Components,’’ deals 
with the design of the components which 
make up a radar equipment, and every- 
thing is covered from the supply mains 
terminals to the antenna and back to the 
display equipment. 

Four American equipments which could 
not have been better chosen from the point 
of view of covering the whole field of radar 
are used as examples throughout. The 
first of these, the $.C.R, 268, is a search- 
light-control radar operating on 205 mega- 
cycles. The second, the AN/TUS-3 on 600 
megacycles was used for early warning of 
aircraft and had P.P.I. display. Centi- 
metre wave equipments are represented by 
the S.C.R. 584, a most suitable choice since 
it contains almost all the complications 
required in a modern fire-control radar, 
and the AN/MPG-1, a coast artillery fire- 
control radar operating on three centi- 
metres which incorporates all the latest 
refinements available at the end of the 
war. 


As in the first part, the chapters dealing 
with pulses and other transient phenomena 
are outstanding. 


Chapter 7, entitled ‘‘ Basic Radio- 
frequency Circuits’’ suffers from an 
attempt to make it complete. As a result, 
it reads like an encyclopaedia, and the 
accounts of the various components are 
rather superficial. For a proper under- 
standing of the components described in 
this chapter, a great deal of additional 
reading in the original papers would be 
necessary. 


The book finishes with a short chapter 
on radio-frequency measurements which is 
useful but could have been amplified to 
advantage. 


To sum up, this book gives a very com- 
plete and understandable account of the 
principles, not only of radar engineering, 
but of the applied physics from which it 
has sprung. Mr. Fink keeps the practical 
requirements of radar in mind throughout, 
and this greatly enhances the value of the 
book. The only omission is that little 
reference is made to the mechanical design 
of the equipments. This is a pity since 
the eventual performance of a radar equip- 
ment is just as dependent on the mechani- 
cal design as on the electrical circuits 
employed, 

It is unfortunate that at the time of 
publication, none of the detailed British 
work had been published, and so the 
references are almost entirely American. 
This is in no way due to an American 
bias on the part of the author since those 
British papers which were published at 
the time are included in the references. 
The practical radar engineer who uses this 
book will, therefore, be well advised to 
have by him a bibliography of British 
papers on the subject. 


J. F. Comas 
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REVIEWS 


British Time 


Donald de Carle, (Crosby, Lockwood & Son 
Ltd.) 199 pp. I5s. nett. 


In his introduction to ‘“‘ British Time ”’ 
Mr. de Carle writes that the aim of his 
book is to describe the means of recording 
time and its distribution in the mass, i.e., 
the distribution of time to the public. This 
he does in clear and readable form and 
although the expert may find little that 
is not already known to him, the student 
of engineering and to a lesser extent the 
ordinary layman, can scarcely fail to be 
interested in Mr. de Carle’s story of the 
human effort to record the passing of time, 
and having recorded it, to make it 
generally known. 

His brief description of early methods 
of telling the time as long ago as 1,000 
B.C. leads him to a description of the 
work of Greenwich Observatory from its 
foundation under Royal Warrant in 1675. 
On this date, Mr, John Flamsteed was 
appointed by Charles II to be “ our 
Astronomical Observator ’? with the ex- 
press purpose of finding out ‘‘ the so much 
desired longitude of places for the perfect- 
ing of the art of navigation ’’; a purpose 
to the achievement of which, Philip III 
of Spain had in 1598 and the States 
General of Holland soon afterwards, 
already offered substantial rewards, 


The growth of Greenwich Observatory 
under the care of successive Astronomers 
Royal continues to the present day the 
close association with the Royal Navy, 
which its original charter intended, so that 
in 1882 a movement developed to institute 
an organisation for testing watches 
officially, which would be available to 
British manufacturers. The Royal Society 
was accordingly prevailed upon to hold 
tests at Kew Observatory, and these con- 
tinued, until in 1912 this work was removed 
to the National Physical Laboratory at 
Teddington. Mr. de Carle describes the 
organisation which has been built up at 
Teddington to test watches to rooth of a 
second. 


The author then deals briefly with the 
evolution of the clock and goes on to 
describe in detail the history and working 
arrangements of Big Ben, which, as a 
result of the 1939-1945 war, has won for 
itself fame stretching far beyond the limits 
of the British Isles. 


The chapter on electric clocks with their 
potential for almost exact accuracy, is of 
importance and interest in this electrically 
minded age, though the author’s faith in 
the supply of electricity from the grid may 
well have been disturbed by the experience 
of last winter. 
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Mr. de Carle then turns to the distribu- 
tion of time in the mass, from the days 
in the last century when private enterprise 
obtained the correct time from Greenwich 
Observatory and reported it by messenger to 
the clients of the firm in London, to the 
present day time signals broadcast by the 
B.B.C. and the golden voice of ‘‘ TIM.” 
This latter method is described in detail. 


The chapter on British Summer Time 
although appropriate to the book is perhaps 
of general rather than technical interest. 


Some notes of unusual clocks and 
watches and a review of the watch and 
clock industry and two appendices complete 
a most interesting book. 


The book is liberally and excellently 
illustrated throughout. Mr. de Carle con- 
fesses that the compiling of his book has 
given him much personal pleasure; one 
feels the infection of his pleasure through- 
out the book. 


The style in which the book is written 
is, perhaps, a little too confidential, too 
reminiscent of the guide book, which tries 
to take the réader along in a jolly party. 
The serious reader wants to know what 
goes on inside famous places, which he 
may never have an opportunity of visiting. 
He does not want to experience un- 
necessarily the mundane business of getting 
there. 

Lastly, the author should have more 
faith in his reader. Having explained a 
technical term once—nutation, for instance 


“—he should assume that his reader has 


understood and will remember. 
CA.CsH: 


Guide to Broadcasting Stations 


Third edition. _ Compiled by ‘ Wireless 
World ”’. (Iliffe & Sons Ltd.) 


The demand for this booklet, first pub- 
lished in January as ‘‘ Broadcasting Sta- 
tions of the World,’’ has been such that 
a third completely revised and enlarged 
edition has been produced. 


The lists, giving details of three 
hundred European medium- and _long- 
wave stations and one thousand short-wave 
stations of the world, are arranged in both 
order of frequency and geographically. All 
entries have been checked against the fre- 
quency measurements made at the B.B.C.’s 
receiving stations at Tatsfield. 


The following additional material is in- 
cluded in this edition: wavelength, fre- 
quency conversion table, list of international 
call signs and world time constants. 
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NOVEMBER MEETINGS 


Institution of Electrical Engineers 


All meetings of the London Section 
will be held at The © Institution of 
Electrical Engineers, Savoy Place, 


Victoria Embankment, London, W.C.2. 


Radio Section 

Date: November 5. Time: 5.30°p.m. 

Lecture: ‘* Tests for the Selection of Com- 
ponents for Broadcast Receivers.” 

By: G. D. Reynolds, Ph.D., M.Sc. 

Date : Time: 5.30 p.m. 

Discussion: ** What Equipment is neces- 
sary for the? Servicing and Testing of 
Electronic Devices.”’ 

Opened by : Wing Commander P. Allerston, 
O.B.E. 


Date: November 19. Time: 5.30 p.m. 

Lecture: ‘* The Cavity Magnetron.” 

By: H. A. H. Boot, Ph.D., and Professor 
J. T. Randall, D.Sc. 

Lecture: ‘* The High-Powered 

Magnetron—Development and 
for Radar Applications.”’ 
j W. E, Willshaw, M.B.E., M.Sc. 
Tech., LL. Rushforth, B.Sc., A. G. 
Stainsby, B.Sc., R. Latham, M.A., 
A. W. Balls; B.Sc., and A. H, King, 
M.A. 

Lecture: ‘* The High-Powered Pulsed 
Magnetron: A Review of Early Develop- 
ments."’ 

hy? EC. 


November 11. 


Pulsed 
Design 


S. Megaw, M.B.E., D.Sc, 


Measurements Section 
Date: November 21. Time: 5.30 p.m. ° 
Lecture: ‘* Iron-Loss Measurement py 
A.C, Bridge and Calorimeter.”’ 
By: Professor ay Greig, M.Sc., Ph.D. 
The Secretary: I. E. E., Place, 
London, W.C.2. 


Savoy 


Cambridge and District Group 
Date: November 11. Time: 8.15 p.m. 
Held at: The Cavendish Laboratory, Free 

School Lane, Cambridge. 

Lecture; ‘** Pulse Communication.’’ 

By: D, Cooke, A. J. Oxford, Z. Jelonek, 
and E,. Fitch. 

Secretary: J. E. Curran, M.Eng., Univer- 
sity of Engineering, Trumpington Street, 

Cambridge, 


The British Kinematograph Society 


Theatre Division 

Date : November 

Held at: 
House, 
Lecture : 
By: W. 


23. Time: 11 a.m, 
Gaumont-British Theatre, Film 
Wardour Street, London, W.1. 
‘* Fundamentals of Colour.”’ 

D. Wright, D.Sc. 

Film Production Division 

Date: November 5. 


Held at: 
House, 


Time: 6.45 p.m. 

Gaumont-British Theatre, Film 

Wardour Street, London, W.1. 

Lecture: ‘* Television Production in Con- 
trast to Film Production.” 

By: Philip H. Dorte, O.B.E. 


Secretary: R. H. Cricks, Dean 
2 Dean Street, London, W.1. 


House, 


The Institute of Physics 
London Branch 
Date: November 19. Time: 2.30 p.m. 
Held at: The Lecture Theatre, The Royal 
Institution, Albemarle Street, London, 
W.1. 
Symposium : 
Laboratories. 
By : Sir Clifford Paterson, O.B.E., F.R.S., 
W. F. Higgins, O.B.E., and Prof. T. C. 
Keeley, M.A. 
Note: Visitors 
meeting. 
Hon. Secretary: H. I.. Penman, London 
and Home Counties Branch, Institute of 
Physics, Rothamsted Experimental Sta- 
tion, Harpenden, Herts. 


The Design of Physics 


will be welcomed to this 


Electronics Group 
Date: November 4. Time: 5.30 p.m. 
Held at: The Rooms of The Royal Society, 
London. 
Lecture: ‘‘ Infra-Red Image Converters.’ 
By :.J.: HH. Prat. 
Secretary: Dr. A, J]. Maddock, ‘‘ Sira,’ 
Southill Road, Elmstead Woods, Chisle- 
hurst, Kent. 


The Television Society 
Ordinary Meeting 
Date: November 5. Time: 6.45 p.m. 
Members are invited to the meeting of 
the British Kinematograph Society. 
Date: November 28 Time: 6 p.m. 
Held at: 1.E.E., Savoy Place, W.C.2. 
Lecture: ** Impressions of American Tele- 
Vision, 
By: T. M. C. Lance (Fellow). 
Hon, Lecture Secretary: T. M. C. Lance, 
35 Albemarle Road, Beckenham, Kent. 
Constructors’ Grou 
All meetings will be held at the E:L.M.A. 
Lighting Service Bureau, 2 Savoy Hill, 
London, W.C.2. 
Date: November 14. Time 7 p.m. 
Lecture: “ The Reduction of Interference 
in Television Sound Reception.”’ 
By: H. Fairhurst. 


Hon. Secretary: A. E, Sarson, 22 Union 
Road, Bromley, Kent. 


The Institution of Electronics 

North-West Section 

Date: November 6. Time: 6.30 p.m. 

Joint meeting with the Illuminating 

Engineering Society, 

Held at: The Reynolds Hall, College of 
Technology, Manchester. 

Lecture: ‘f The Evolution of an Electric 
Lamp.” 

By: J. N. Aldington, B.Sc., Ph.D. 

Hon. Secretary: L. F. Berry, 105 Birch 
Avenue, Chadderton, Lancs, 


Radio Society of Great Britain 


All meetings are held at the Institution 
of Electrical Engineers, Savoy Place, Lon- 
don, W.C.2. 

Date: November 14. Time: 6.30 p.m. 
Lecture : ** Quartz Crystals.’’ 
By: E. A. Fielding. 

General Secretary, New Ruskin 

Little Russell Street, London, 


House, 
W.C.1. 


British Sound Recording Association 


All meetings will be held at the Royal 
Society of Arts, John Adam Street, London, 
W.C.z2. 


Date: November 21. Time: 7 p.m. 

Discussion: ‘* What is High 
Reproduction? ”’ 

Opened by: M. G. 
M.I.E.E. 

Hon, Secretary: R. W. Lowden, Wayford, 
Napoleon Avenue, Farnborough, Hants, 


Quality 


Scroggie, B.Sc., 


Society of Instrument Technology 


Date: November 5. Time: 7 p.m. 


Joint meeting with the Society of Glass 

Technology. 

Held at: The Science Museum, 
Kensington, London, S.W. 


South 


Discussion : ‘The Instrumentation of Glass 
Tank Furnaces.’’ 

Opened by: H. L. 
Stone. 

Date : November 25. 

Held at: The Royal Society of Tropical 
Medicine and Hygiene, Manson House, 
Portland Place, London, W.1. 


Crooks and C. H. 


Time : 7 p.m. 


Lecture: ‘* Electronic 
Instrumentation. ’’ 
By: D. Edmundson, B.Sc. 


Hon, Secretary: L. B. Lambert, 55 Tudor 
Gardens, London, W.3. 


Developments — in 


British Interplanetary Society 
Date : 
Held at: St. Martin’s Technical School, 
107. Charing Cross Road, London, 
W.C.2. 

Lecture : ** Electronics and Space Flight.” 

By: Arthur C. Clarke. 

Secretariai address: 
London, S.E.15. 


November 8. Time: 6.30 p.m. 


157. Friary Road, 


South-East London Technical Institute 


Electrical Engineering Department 

A course of 10 weekly lectures will com- 
mence on Wednesday, November 19, 1947; 
from 7 to 9 p.m., entitled ‘* An Introduc- 
tion to X-Rays, X-Ray Crystallograph and 
Metallography.’’ The lectures will be given 
by J. W. Jeffery, B.A. Further particu- 
lars may be obtained from The Registrar, 
LL.C.C. South-East London Technical In- 
stitute, Lewisham Way, London, S.E.4. 


Thames Valley Amateur Radio Trans- 
mitters’ Society 


The next monthly meeting will be held 
at the Carnarvon Castle Hotel, Hampton 
Court, on November 5, the subject being 
** Aerials.”’ Details from the Press 
Secretary, N. C. Rogers, The Beadles, 
Esher, Surrey. 
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Once a receiver has 
left the works, the 
Works Manager has 
no wish to see it back 
again. But so far as the 
speaker is concerned, 
he has no worries. 
Now, as always, his 
motto is—fit Rola and 
relax ! 


BRITISH ROLA ROSVENOR STREET © LONDON W.1 
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B.P.L. 


MOVING COIL METER 





Type S.50 


ITTED with  knife-edge pointer 

and mirror scale this moving coil 
meter gives first-grade accuracy. Sensi- 
tivity up to 20 microamps. F.S.D. Also 
available for switchboards with heavy 
type spade pointer and bold figuring. 
Sensitivity up to |, amps. Full 
details of this and other instruments 
of pioneer design and first-class work- 
manship from the manufacturers. 


BRITISH PHYSICAL 
LABORATORIES 


Houseboat Works, Radlett, Herts. 
Tel: Radlett 5674-5-6 











THE ROMAC MODEL 126 


“ Personal” RECEIVER 








The Romac Personal Receiver is an 

entirely new departure in’ portable 

radio. The shoulder strap method of 

carrying has ingeniously been used to 

provide an ‘‘ invisible’ aerial. This 

convenient feature is exclusive to 
Romac models. 


Price £17 3s. 8d. Plus £3 6s. 4d. P. Tax. 
Complete with | H.T. and 2 L.T. Batteries. 


Home and Export Enquiries should be directed to: 


ROMAC RADIO CORPN. LTD. 


THE HYDE HENDON LONDON, N.W.9 
Tel. No.: COLindale 540! (Three lines). 
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NOTES FROM THE INDUSTRY 


Recent Appointments 

The Joint General Managers of the 
Valve Department of the Mullard 
Wireless Service Company, Ltd., are 
Mr. J. E..M. Johns and Mr. D. F. 
Harrison. Mr. L. A. Sawtell has 
been appointed Commercial Manager 
and will be responsible for distribu- 
tion in the entertainments field. 


Dr, W. Summer, the author of the 
new Monograph on ‘‘ Photo-cells in 
Industry,’’ has been appointed Direc- 
tor of Research of Barber Electrical 
Services, Léd., and is in charge of 
development and work on industrial 
and medico-electronic equipment. 
The address of this company is 
Beaumont Road Works, Bournville, 
Birmingham, 30. 


BX Plastics Address 

The Birmingham office of Messrs. 
BX Plastics, Ltd., is now at Empire 
House, 159 Gt, Charles Street, Bir- 
mingham, 3. Telephone: Birming- 
ham Central 2365. 


Fluorescent Desk Lamp 

The ‘‘Fluo”’ fluorescent desk lamp 
is being marketed by Truxo, Ltd., 
34. South Molton Street, London, 
W.1. Adjustable, with two 12-in. 
lighting tubes (each 10 watt), this 
lamp gives a diffused light of an 
80-watt standard bulb, and is priced 
at £12 plus purchase tax. 


Varley Industrial Torch 

Oliver Pell Control, Limited, Cam- 
bridge Row, Woolwich, London, 
S.E.18, now have in production a 
“heavy duty’? torch which was 
primarily designed, for use in in- 
dustry. The torch is robust and so 
constructed that it will withstand 
extremely harsh treatment, the case 
being of hard seamless aluminium 
alloy, 

The torch uses ordinary dry-cell 
batteries and is priced at 14s. 3d. plus 
purchase tax. 


G.E.C. Radio Compass 

In the brief description of the 
G.E.C. | Radio Compass which 
appeared in the October issue, we 
omitted to refer to the fact that this 
instrument was developed by the 
Salford Electrical Instrument Co., 
Ltd., a subsidiary of the G.E.C., and 
that the compass equipment is now 
in production at the 
Salford. 


Peel Works, ° 


Amateur Radio Exhibition 

An exhibition of particular interest 
to amateur radio enthusiasts is being 
held at the Royal Hotel, Woburn 
Place, W.C.1, from November 19 to 
22 inclusive. 

The exhibition is sponsored by the 
Radio Society of Great Britain and 
the Exhibition Manager is Mr. H. 
Freeman, of Parr’s Advertising, Ltd. 
Over 20 stands will be occupied by 
well-known firms interested in 
amateur radio. The exhibition will 
be open from 2—10 p.m. on Wednes- 
day, and thereafter from 11 a.m.; 
admission by catalogue, price 1s., at 
the door. 


Pye Mobile Television Station 

The Pye Mobile Television Station, 
which was on show at the British 
Industries Fair, has just completed 
a successful tour of. Belgium, trans- 
mitting television pictures for the 
first time by radio, In all, five towns 
were visited with a total transmis- 
sion time of 150 hours. 

Nearly 500 miles of Continental 
roads were covered, and it is interest- 
ing to note that the only failures 
during the entire tour were two 
miniature type valves and a damaged 
microphone and headphone cable. 


Symbol Standardisation Survey 

Co-operating with the service com- 
mittee of the Radio Manufacturers’ 
Association, John F. Rider, Pub- 
lisher, Inc., 404 Fourth Avenue, New 
York, has distributed a ‘‘ Symbol 
Standardisation Questicnnaire.’’ 

The purpose of the questionnaire 
is to aim at standardising the symbols 


used in radio receiver and allied 
equipment manufacturers’ service 
manuals. 


The Lowther Manfg. Co. 

In the classified list of products at 
Radiolympia given in the October 
issue, the name of the Lowther Manu- 
facturing Co. was omitted from the 
list of Radio Receiver manufacturers. 

As the manufacture of _ radio 
receivers is this Company’s main line 
of business, the omission is unfortu- 
nate, and we have pleasure in making 
amends by this note, 

The words ‘ Lowther-Voigt ’’ are 
a trade mark, which has been adopted 
by agreement with Messrs, Voigt 
Patents, Ltd., but otherwise there is 
no connexion between the two 
companies. 
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* THE TREND OF 








STANDARD TELEPHONES AND CABLES LIMITED 








en ae ed 
MODERN ELECTRONICS © 





Bantam Range 


* KENT 


+ FOOTSCRAY 
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For full technical data write : 
Harlequin Avenue, Great West Road, Brentford, Middx. 





—thereby enabling high-speed rotating and oscillating mechanism to be 
. viewed as if stationary or in slow motion. 


STROBOFLASH. Standard model 


from our range of Stroboscopes for | 


measuring speed and for observing 
rotating and oscillating machinery in 
slow motion. Features : Direct reading 


over range of 600-14,400 r.p.m., and | 


extending to 100,000 r.p.m. Sharp 


images at all speeds within range. No | 


contact required with mechanism under 
measurement. Mains operated. Port- 
able and convenient to use. 

PISTOL-GRIP;/LAMP UNIT. For use 
with Stroboflashininaccessible locations. 





STROBOFLOOD. An accessory unit 
for the Stroboflash, which provides a 
greater light output for photographic 
work or for flood-lighting a large area. 
Maximum flashing rate 10,000 per 
minute. 

CONTACTOR UNIT. Permits the 
Stroboflash to be driven in exact 
synchronism with a spindle of the 
machine to be viewed. The contactor 
is fitted with a phasing device enabling 
the watched part to be held in any 
desired position. 











DAWE 





INSTRUMENTS LTD 
Ealing 1850 
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> 


SERVICE 
TO INDUSTRY 


B.I. Callender’s have branch offices in each of the principal 


Uj 





cities of Great Britain. Staffed by specialists they are fully equipped 
to meet the needs of the electrical industry. 


Our National Sales and Technical Advisory Service is 
available through the branch offices to all electrical engineers. This 
service commands the resources of the World’s largest manufacturing 
marketing and contracting group concerned with electrical trans- 
mission and distribution, radio and telecommunication equipment. 


BRITISH INSULATED CALLENDER’S CABLES LIMITED 
NORFOLK HOUSE, NORFOLK STREET, LONDON W.C.2 
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ae ‘eee? ‘ ai ees a 
| Plain or Coloured 
| 


3. ee: ti 1s “10% : \ 


Insulating sleeves for the electrical and mechanical 









protection of wires and cables can also tell their 
wh herd oo story at a glance. 

Delaflex Insulating sleeving in ROLLED SILK, 
VARNISHED COTTON and VARNISHED 
ART. SILK is available in a wide range of plain T 


Go in for all you can get of these NEW Savings and striped colours for circuit detail identification. 











in 
Certificates. They cost only 10/- each and Complete list of grades, sizes and prices on request. co 
become 13/- in ten years — an increase of 30% 
: ss de 
free of tax. You can hold up to 1,000 in addition 
to any you have of previous issues. . Every ‘ 
y 


Certificate you buy helps the Silver Lining 


2 pe Delaflex : 





‘nl INSULATING SLEEVINGS . 
buys the NEW ss 


DE LA RUE INSULATION LTD. 
SAV] NGS CERTI FICATES Imperial House, Regent St., London, W.1, England. 
Phone: Regent 2901 Telegrams: Delinsul, Piccy. London 

You may hold 1,000 


Issued by the National Savings Committee 





D.A.14-46 
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METERS, DENSITOMETERS, 


ALL KINDS. 
INVITATION 


and their application. 





SELENIUM PHOTO 
ELECTRIC CELLS 


FOR LIGHTMETERS, EXPOSURE METERS, COLOUR Ink 
REFLECTOMETERS, 
LABORATORY AND SCIENTIFIC INSTRUMENTS OF 


You are cordially invited to bring us any problem 
in connection with Selenium Photo Electric Cells 


MEGATRON LTD. (Laboratories) 
115a, Fonthill Road, LONDON, N.4. ARChway 3739. 
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Water- 
proof 


Drawing 


AND 

















Everything for the Drawing Office 


A. WEST & PARTNERS LTD. 


36 BROADWAY, WESTMINSTER, S.W.| 





STENCILS FOR ELECTRICAL 
SYMBOLS 6/- EACH 

















IRON POWDER? 


To improve the performance of 
inductances; to permit a smaller 
coil to be used and thereby to 
decrease manufacturing costs; to 
vary easily the inductance of coils 
by means of movable 
powder-iron cores ; 
to pre-set fixed 
inductances to accu- 
rate limits. 








CARBONYL 
IRON POWDER ? 


Because the carbonyl process pro- 
duces a powder with the appro- 
priate characteristics required by 
core-makers. Because each particle 
is spherical and the powder 
has therefore a high packing 
density, and is easily insu- 
lated, Because no heat treat- 
ment at high temperatures 
after pressing is required. 





TWO GRADES? 


Because two grades cover the 
majority of requirements. 

Grade ME is very fine and hard, 
spherical and remarkably uniform; 
primarily suitable where electro- 
magnetic losses are required to be 
very small, and especially for high- 
frequency applications. 

Grade MC is also fine and spherical 
but is softer and therefore more 
easily compressible. Useful in 
cases where higher permeabilities 
are required. Further information 
freely given on request. 








Grosvenor House, Park Lane, London, W.1 site 
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A New 
Moulded M.E.S. 
LAMPHOLDER 


Designed to eliminate all 
possibility of intermittent 
contact through the lamp 
becoming loose in its holder. 
RIGOROUSLY TESTED All parts are plated and 
from MECHANICALLY SOUND ayes ee ee teny: Miter 
e native types available, i.e., 
ELECTRICALLY PERFECT bracket or clip-fixing. 





faultless 


because they are :- 


service INDIVIDUALLY DESIGNED 


£.b:, Is. 
in. dia 
all 2.5 un 
1m.,1b. 
gm. 1 b. 
765 ohm 
3m., I 

1,000 ol 
adjustab 
special ; 
100 ¢. p. 
order £1 
ma, “E 
BRITIS 
ents, lis 
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2” MO’ 
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boxed n 
Street, | 
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Street, B 
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complete 
scopes, Ff 
gear. S 
A.C. /D.! 
couple n 
A bargai 
S. McMil 





Wak Ld kh OE) et -1 LE Another outstanding example of CLIX design. 





51, NORTHGATE STREET, DEVIZES. Phone 536 






























A WOMAN’S INTUITION IS NOT ENOUGH 


A woman’s intuition will not help you to find a difficult fault in a wireless 
set. The easiest and quickest way to locate the trouble is to use a Weston 
Model E772 Analyser which is designed for systematic analysis Its features 
include high sensitivity—20,000 ohms per volt on all D.C. ranges—wide 
range coverage, simplified controls, accuracy and robust construction. You 


will find this instrument universally useful—it will save you time, trouble a 
12, Pemt 


LOUDS: 


make, 
Pembrok 


and money and it is really reliable—it’s a Weston. 


WE WIL 
converte! 


: : oe 
WESTON = 
SYSTEMATIC SERVICING STARTS WITH A Write M 


WEBB’s 











SANGAMO WESTON LTD., ENFIELD, MIDDX. Telephone : Enfield 3434 & 1242 
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The charge tor 


count as four words, plus !/- extra for replies. pany 
Morgan Brothers (Publishers) Limited, 28 Essex Street, Strand, London, W.C.2. 
above, marked “‘ Elec. Engg.’”’ Press date : 





on this page is 12 words or less, 5/- and 4d. for every additional wora. 

Remitt: hould advertisement. 
Replies to box numbers should be addressed as 
10th of month for following issue. . 
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CLASSIFIED ANNOUNCEMENTS 


Box numbers 
Cheques and P.O.’s payable to 





FOR SALE 
iN STOCK. Rectitiers, Accumulator Chargers, 
Kotary Converters, P.A. Amplifiers, Mikes, Mains 
Transformers, Speakers of most types, Test Meters, etc. 
Special Transformers quoted for.—University Radio, 
Ltd., 22, Lisle Street, London, W.C.2. GER. 4447. 


ENAMELLED COPPER WIRES for sale in substan- 
tial quantities, 17, 19, 20, 21,.24, 25 and 33 S.W.G. 
Box 148, ‘‘ Elec. Engg.” 

EX-R.A.F. LORAN Indicators with 5 in. electro- 
static c.r.t. with time base. 26 valves, including 
6SN7, 6H6, 6SJ7 and calibrated 100 Ke. crystal, 
suitable for conversion to oscillograph, £10. Box 
146, ‘‘ Elec. Engg.” 

D.C./A.Cc. CONVERSION. Special offer of unused 
single phase marine type motor alternators. Input 
220 V D.c., output 230 V A.c., 50 cycles, 3.5 amps., 
f20 each. 220 V v.c./230 V A.c., 50 cycles, 0.87 amps., 
{12 ros. each. 110 V p.c./230 V a.c., 50 cycles, 
0.87 amps., £9 10s. each. Control gear not available. 
Carriage extra. Box 144, ‘‘ Elec Engg.” 

RELAYS. New boxed Post Office type relays, some 
fitted with high current contacts, offered at a fraction 
of cost price. Type K, coil, 1,000 ohms, contacts 
1 break, 1s. gd. each. Type L, 1,000 ohms, 3 make, 
1b., 3s. 6d. each. Type M (miniature), 300 ohms, 
1b., 1s. 3d. each. Type N, 1,000 ohms, I m., 2 m., 
fin. dia., 5s. each. Type O, 5,000 ohms, 2 m., 2 b., 
all 2.5 mm. dia., 7s. 6d. each. Type P, 1,000 ohms, 
Im.,1b. 1 m., } in. dia. 4s.each. Type R, 1,000 ohms., 
3m. 1 b. (all heavy duty twin type), 4s.each. Type S, 
765 ohms, 4 m., 1 b., 4s. each. Type U, 1,000 ohms, 
3m., 1 b., 1 m., } in. dia., 4s. 6d. each. Type W, 
1000 ohms, 2 high sensitivity change-overs each 
adjustable by thumb screw, 4s. each. Also Type X, 
special 75 ohms twin coil high-speed relay, up to 
100 c. p.s., 5S. each. Send s.a.e. for leaflet. Minimum 
order {1. No C.O.D. discount for quantities. Box 
145, “‘ Elec. Engg.” 

BRITISH-AMERICAN Radio, Electronic Compon- 
ents, list 1d. Jack Porter Ltd., College Street, 
Worcester. 

2?” MOVING COIL METERS, 0-20, 0-40 volts, 
7s. gd., 0-300 volts, external resistance, 1os. All 
boxed new, post paid. Jack Porter Ltd., College 
Street, Worcester. (Quotation for quantities.) 


FOR YOUR HOME-BUILT TELEVISOR.— 
Highest quality EF50 VHF holders, 1s.; 10 for 8s. 6d. 
Why pay more? Midget soopf. mica condensers 
48s.doz. Watts, 38 Chapel Avenue, Addlestone, Surrey. 


AMATEUR RADIO SERVICE G6HP, Canning 
Street, Burnley, for all amateur equipment. The main 
amateur service of the North. Amplifiers, modulators, 
complete transmitters, Franklin V.F.O.’s, oscillo- 
scopes, panels, chassis, racks. Bargains in ex-Service 
gear. S.A.E. for comprehensive lists. 


A.C./D.C. MILLIAMMETERS. 2” dial, thermo- 
couple moving coil, o-350m/a. New ex-Government. 
A bargain at 5s. 6d. each, £3 3s. per dozen, post free. 
S. McMillan, 5 Oakfield Road, Bristol, 8. 


LOUDSPEAKERS 


LOUDSPEAKERS—We carry on. Sinclair Speakers, 
[= Pembroke Street, N.1. 


LOUDSPEAKER repairs, British, American, any 
e, moderate prices.—Sinclair Speakers, 12, 
Pembroke Street, N.1. 


MISCELLANEOUS 

WE WILL BUY at your price used radios, amplifiers, 
converters, test meters, motors, ges on — 
etc., radio and electrical accessories. Write, phone or 
call, University Radio Ltd., 22, Lisle Street, London, 
W.C.2. GER. 4447. 


PHOTOGRAPHY BY BEHR will show your 
uct at its best. Ask for illustrated list. 44, Temple 
‘ortune Lane, London, N.W.11. SPEedwell 4298. 


MONOMARKS. Permanent London Address. Letters 
tedirected. Confidential. 5/- p.a. Royal Patronage. 
Write Monomark BCM/MONO4S, W.C.1. 


WEBB’S Radio Map of the World enables you to 
locate any station heard. Size 40 in. by 30 in. 2-colour 
heavy Art Paper, 4/6, ¥ 6d. Limited supply on 
Linen, 10/6, post 6d.—Webb’s Radio, 14, Soho Street, 
London, W.1. "Phone GERrard 2089. 











MORSE Practice Equipment for Class-room or 
Individual Tuition. Keys Audio Oscillators for both 
battery or main operation. Webb's Radio, 14, Soho 
Street, London, W.1. ’Phone: GERrard 2089. 


COPPER WIRE. Enameiled, tinned, cotton, silk- 
covered, 16-46 W.G.; screws, nuts, washers, 
soldering tags, eyelets, rivets, ebonite and laminated 
bakelite panels, coil formers, covered wires, flexes, 
crystals, permanent detectors, earphones, etc. List 
available. Trade supplied. Post Radio Supplies, 33, 
Bourne Gardens, London, E.4. 


AID YOUR EXPORT DRIVE. Exceptional pho- 
tography will make your products sell. Consult 
P and C (Photos), 35 Sandringham Road, Dalston, E.8. 


DETAILED DRAWING for precision production 
engineering to your specification, circuit diagrams, etc. 
Drawing office facilities available for mechanical, 
radio and electronic apparatus. Wordsworth 4476. 


BRAND NEW ELECTRIC CABLE. Fiat low twin 
3/.029. (250 volts. V.I.R. T.B. & C. £17 15s. 1,000 
yards. Sample too yards £2. Discounts quantities. 
Also auto, ignition, flexes, radio and starter cables at 
big savings. Ref. 5002. M.W. and C. Co. Ltd., 
82/94 Seymour Place, London, W.1. 


ACCUMMULATOR or Battery Boxes, 34,000 avail- 

able. Size 44” L x 3)” W x 83” H. With or without 

lids. Made of 6 mm. Bitumen compo, which can easily 

be cut to smaller size, Low price for quantities. 

Ly 2200, G.T.C. Ltd., 82/94 Seymour Place, London, 
Se 


BRITAIN’S BEST BARGAINS in electric cable, 
84 mill. yards available at big reductions covering 
Auto, Ignition, Flexes, Radio and Starter Cable. 
List, free on application to Box 5004, Magna Ltd., 
82/94 Seymour Place, London, W.1. 


OFFICIAL APPOINTMENTS 


BRITISH BROADCASTING CORPORATION 
invites applications from men or women (British) for 
the post of engineer in the Ionosphere section of the 
Overseas and Engineering Information Department, 
based in London. Applicants must have a knowledge 
of radio engineering with a highly specialised know- 
ledge of short-wave transmission and reception, and 
the propagation of radio waves and the effects of the 
Ionosphere upon them. They must also be able to 
calculate and prepare maximum usable frequency 
curves for any path required and be able to forecast 
ionospheric conditions when given the necessary data. 
Salary on appointment will be dependent on quali- 
fications and experience and subject to favourable 
reports will rise thereafter by annual increments of 
£25 to a maximum of £580. Applications stating age, 
qualifications and experience should reach the Engin- 
eering Establishment Officer, Broadcasting House, 
London, W.1 within 14 days of the appearance of 
this advertisement. 


SITUATIONS VACANT 


Vacancies advertised are restricted to persons or employ 
ments excepted from the provisions of the Control of 
Engagement Order, 1947. 


FERRANTI LIMITED require for Vacuum Physics 
Laboratory Physicists or Engineers, graduates or with 
equivalent qualifications, preferably with experience of 
electronic vacuum work or U.H.F. valves. Application 
forms from Personnel Manager, Ferranti Limited, 
Ferry Road ,Edinburgh, 5. 


MURPHY RADIO, LTD., have a vacancy for a 
senior engineer having considerable experience in the 
development and design of communication receivers 
and allied equipment. Apply in the first place in 
writing, giving full particulars and stating salary 
required, to Personnel Department, Murphy Radio, 
Ltd., Welwyn Garden City, Herts. 


SENIOR DEVELOPMENT ENGINEER required 
in television design laboratory. Good honours degree 
in physics or engineering and at least four years’ 
industrial experience of television receiver development 
essential. Applications, giving full particulars of 
training and experience to Personnel Manager (Labora- 
tory), Murphy Radio Ltd., Welwyn Garden City, 
erts. 





RADIO SERVICE ENGINEERS for employment 
in works and in field. Vacancies exist in a well-known 
company with excellent prospects, primarily in the 
London area. Applicants should have a comprehensive 
knowledge of radio servicing and a minimum of two to 
three years’ retail or industrial experience in repair 
work. 5-day, 44-hour week. Wages according to 
experience and at prevailing levels. Apply, stating 
age, giving full details of experience and wages required 
to Box 113, ‘‘ Elec. Engg.” 


RADIO AND ELECTRONIC Draughtsman for 
layout work, etc., used to mechanical design of elec- 
tronic equipment required for research section. West 
London district. 38-hour 5-day week. In applying, 
give full details of experience, qualifications, age and 
salary required, to Box 117, “ Elec. Engg.” 


PHYSICISTS AND ENGINEERS are required by 
Imperial Chemical Industries Ltd., for work in connec- 
tion with the instrumentation and automatic control 
of chemical plants. Vacancies exist for staff for 
research and development work, as well as for installa- 
tion and maintenance of instruments on site. 
Candidates aged 21/35, must have first or second class 
Honours degree in Physics or Engineering. Experience 
either in the Forces on radar or servo mechanisms, in 
the aircraft industry or instrumentation and automatic 
controls, or in industry on plant control, would be an 
advantage. Suitable applicants not possessing the 
necessary amount of practical experience will be given 
additional training before being posted. 
Good prospects of advancement. Starting 
according to age and qualifications. 

Apply in writing and quoting E/5, to Staff Manager, 
Imperial Chemical Industries Limited, General 
Chemical Division, Cunard Building, Liverpool 3. 


ELECTRONIC ENGINEERING. An important 
position in this industry is available to a man of 
outstanding qualifications, experience and adminis- 
trative ability, with leading manufacturer of radio 
transmitting and receiving and electronic equipments, 
as Manager of large self-contained production unit 
employing over 1,000 persons. with fully equipped 
laboratory and development section. Salary £1,200 or 
over according to qualifications. Write quoting 
D.326/47—-A to Ministry of Labour and National 
Service, Technical and Scientific Register, Room 669, 
York House, Kingsway, London, W.C.2, for application 
form which must be returned completed by 30 Novem- 
ber, 1947. 

LECTURER in Radio Communications required 
with Science Degree or equivalent, and a good practical 
outlook. Age preferably not over 30. Apply by letter 
giving fullest details of age, education, experience and 
salary required to The Principal, E.M.I. Institutes 
Ltd. (Associated Company with H.M.V., Columbia 
and Marconiphone, etc.); Grove Park Road, Chiswick, 
W.4. 

JUNIOR ENGINEER required for development of 
radio components by progressive company in London 
area. Degree or equivalent in electrical engineering 
essential. Box 127, ‘Elec. Engg.” 


DESIGNER DRAUGHTSMAN with experience of 
instrument or light electrical engineering work 
required by large company in East London area. 
Suitable applicants should be capable of working on 
own initiative. Apply stating age, experience and 
salary required to Box 128, ‘Elec. Engg.” 


VALVE ENGINEER. A vacancy occurs with a 
well-known firm for an engineer to act in the capacity 
of technical assistant to the Works Manager. Must 
be capable of handling problems arising in connection 
with the design and manufacture of radio trans- 
mitting valves. Write stating technical qualifications, 
experience and salary required to Box 132, “Elec. 
Engg.” 

RADIO ENGINEER required for research work by 
large manufacturer in the Essex area. Suitable 
applicants must have technical qualifications to degree 
standard and have previous experience of research 
work. Experience of direction finding equipment 
would be an advantage. Apply stating age, experience 
and salary to Box 137, “Elec. Engg.” 


PLANNING ENGINEER with experience on mass 
production assembly work required by a large light 
engineering company in the East London area, Replies 
should state age, experience and salary required to 
Box 131, “Elec. Engg.” 


salary 
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CLASSIFIED ANNOUNCEMENTS (Contd.) 





ELECTRONIC ENGINEER preferably with indus 


trial experience in application of electronic devices 


in design and development vibration engineering. 
Please write stating age, qualific ations and salary 
required to Box 129, “Elec. Engg.” 

MOUNT VERNON HOSPITAL and the Radium 


Institute, Northwood, Middlesex. Laboratory steward 
required for the physics department. Duties include 
custody of radium (no previous experience necessary), 
storekeeping, issue, assembly and repair of apparatus, 
dismantling of used apparatus, record keeping, and 
preferably glassblowing. Possession of Certificate of 
Laboratory Arts would be an advantage. Salary scale 
£275-15-£350, commencing point in accordance with 
qualifications and experience. 
to approval of the Ministry of Labour. Applications, 
with copies of testimonials or names for reference, 
should be sent to the Secretary (from whom further 
particulars may be obtained) not later than November 
10, 1947. 


DESIGN ENGINEER required by firm specialising 
in communication and amateur equipment. Must be 
capable of electrical and mechanical design of receivers, 
low power transmitters, etc. Degree standard pre- 
ferred but not essential. Unusual opportunity for 
engineer able to put new ideas in production from 
start to finish. 
essential. Please state fully expe rience 
required to Box 134, “Elec. Engg. 


LEADING LONDON amateur dealers have vacancies 


and salary 


for counter staff. Seniors (must be HAMS) and 
juniors. Vacancy also for shorthand-typist. Full 
details and salary required to Box 135, “Elec. Engg.” 


JIG AND TOOL designer with experience on light 
electrical engineering required by large manufacturing 
concern in East London area. 
must be able to work on own initiative. Apply 
stating age, experience and salary required to Box 133, 
“Elec. Engg.”’ 


Appointment subject | 


Sound knowledge of amateur equipment | 


Suitable applicant | 


EXPERIMENTAL ENGINEER capable of assisting 


in development of electro-acoustical apparatus and 
sound recording systems. B.Sc., or equivalent quali- 
cation preferred. West Middlesex district. Apply 


stating age, details of education and experience to 
Box 136, “Elec. Engg.” | 
SENIOR DESIGN ENGINEERS required for 
electronic and electrical test equipment used for 


production testing. London area. Applicants write 
stating age and experience to Box 138, ‘Elec. 
REQUIRED IMMEDIATELY 
E. London area, 
H.F. and V.H.F. transmitting and receiving equip- 
ment. Applicants should have a degree 
physics or engineering, and experience in some aspect 
of the above mentioned work, or should have very ex- 
tensive experience of responsible work on projects in 
this field. Only first-class.engineers can be considered 


by large firm 


for these posts. Apply stating age, experie nce and 
salary requited to Box 139, “Elec. Engg. 
LONDON APPOINTMENT offered to Assistant 


Physicist with a leaning to radio and electrical circuits. 
Applicants should have appropriate electrical quali- 
fications and not less than two years experience, and 
will be required to develop the electrical aspects of 
plastics evaluation in a large chemical manufacturing 


Engg.”” | 
in | 
engineers for development work on | 


in either | 


company. The work offers prospects for promotion. 
Commencing salary range {£375-£500. Box 140, 
“Elec. Engg.” 

MEDICAL RESEARCH COUNCIL. Pneumo- | 


koniosis Research Unit (South Wales) have a vacancy 
for a graduate in Physics or electronic engineering for 
designing and assembly of electrical recording devices 
for physiological and dust measurements. Experience 
in capacity-resistance and photoelectric measurements 
would be an advantage. Workshop experience essen- 
tial. Initial salary £415-£540 per annum. Appli- 
cations, with full details of qualifications and experi- 
ence should be sent to the Director, 
Research Unit (South Wales), Llandough Hospital, 
nr. Cardiff, and should give names of two referees 
one professional and one personal. 


RADIO TEST GEAR Maintenance 
maintenance and development of production and 
laboratory test equipment. Five-day week. Salary 
according to age and experience. Write Personnel 
Officer, Ferguson Radio Corporation Limited, Gt. 
Cambridge Road, Enfield. 


APPLICATIONS INVITED from men of 
vears of age with suitable qualifications and/or exper- 
ience in the use and application of industrial high 
frequency equipment, 


sales engineers at home and abroad. Write stating 


Pneumokoniosis | 


Engineer for | 


25-30 | 


to fill progressive positions as | 


age, experience and salary expected to Box 143, “Elec. | 


Engg.” 


Electronic Engineering 


GRADUATE DEVELOPMENT ENGINEER, with | 


laboratory experience in electronic development, 
preferably of amplifiers for very low frequencies, 
biological amplifiers and _ electronic instruments. 
Eastern outskirts of London. Write full details and 


salary required to Box p50, “‘ Elec. Engg.” 
SITUATIONS WANTED 
HONOURS GRADUATE, 22, works laboratory and 
research experience, seeks position as rese are h or 
development engineer. Box 142, “Elec. Engg.” 


GLASSBLOWER, 18 years experience hard and soft 


glass. Vacuum and electronic apparatus. Wide range 
technical data. Desires sound lab. or supervisory 
position. Box 130, ‘‘Elec. Engg.” 


ASSISTANT WORKS MANAGER or similar post 


wanted by chief engineer of development company. 


Box 141, “Elec. Engg.” 
TUITION 
A.M.LE.E. Examinations. Electrical engineer- 


lecturer (B.Sc. (Eng.) Hons. A.M.I.E.E.) specialises in 
private individual tuition. Vacancies for April 1948 


exam. Personal or correspondence. Box 147, “ Elec. 
Engg.” 
SPEECH DISABILITY: Mr. H. V. Hemery | 


consults at Wigmore Hall Studios, Wigmore Street, 
W.r1. 


PRIVATE COACHING in electrical and radio 
engineering for A.M.I.E.E. and B.Sc, examinations. 
by experienced lecturer and engineer. Box 119, 
‘** Elec. Engg.” 

THE UNIVERSITY OF MANCHESTER. Post- 
graduate course in high-vacuum tecanique and ad- 
vanced electronic tubes. The next session of the 


course which is of six months’ duration will commence 
in January 1948. “ 


is 


an Honours degree in electrical engineering or 
physics. The fee for the course is £25. Particulars 


of the lecture and laboratory work will be supplied 
on application to the Professor of Electrotechnics, 
The University, Manchester 13. 


WANTED 


ENAMELLED COPPER WIRES on reels urgently | 


required between gauges 22 to 46 S.W.G. Detailed 








offers to Box 149, “ Elec. Engg.” 
HILL % CHURCHILL, 
Booksellers LTD. 


SWANAGE, DORSET 


ENGLISH & AMERICAN 
‘BOOKS IN STOCK ON 
RADIO AND 
TELECOMMUNICATION 


al 


Catalogue on Application 



















‘ENGINEERING 
OPPORTUNITIES: 


This unique handbook 
shows the easy way to 
secure A.M.1I.Mech.E., 
A.M.Brit.I.R.E., A.M.LE. 
CITY & GUILDS, ete. 

WE GUARANTEE— 
*““NO PASS—-NO FEE.” 
Details are given of over 150 
Diploma Courses in all Branches 
of Civil, Mech., Elec., Motor 
Aero, Radio-Television and 
Production Engineering, 
Tracing, Building, Govt. 
Employment, Plastics, 
Matriculation, etc. Safeguard 
your future ; send for your copy 

at once—FREE 

B.I.E.T., 337A, SHAKESPEARE 
HOUSE, 17, STRATFORD PLACE, 
LONDON, W.1. 















Che desired qualification for entry | 
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Photo - Electric Cells 


Se/Te 
sensitive 


on gold-alloy, super- 

to light, gas-filled, 
permanent, operate a relay by 
light, either direct or through 
one-valve amplifier, also repro- 
duce speech and music, etc., 
perfectly from sound track of 
films ; large tube 3} in. from 
glass top to valve pin base, | in. 
dia., 35/-; same type, 2} in. long, 
30/-; small tube, 2 in, from top 
to terminal base, } in. dia., 28/-; 
miniature cell, glass top to cap 
base, | in. overali, } in. dia., thin 
flex leads, 25/-; all cells operate 
on 40-100 volts. Wiring diagrams 
for relay and film sound amplifier 


free o 
PRECISION OPTICAL SYSTEM 


For sound film, producing very fine line of light from 
6 or 12:volt | amp. lamp, for scanning film sound 
track direct into photo-cell, metal tube |} in. long, 
£8 in. dia., 2 in. focus, 52/-. Full directions free, 


CEFA INSTRUMENTS 


38a York St., TWICKENHAM, Middx. 
Telephone : POPesgrove 6597 

















RELAYS 
For A.C. and D.C. 


Multiple-contact heavy 
duty Relays. Sensitive 
Relays, measuring and 
impulse Relays, 
cury switch Relays, time 
delay Relays, photo- 
electric Relays. 


mer- 





Midget Relay ML/C 
| Ask for leaflets RE/EO 


ee)? a 


6258-9 
LON $.E.20 








207 


m R.R.DEVELOPMENT 


LABORATORIES rip 
lists 


ANERLEY ROAD 








cia 


Clacl?"'e ait ae 


BRADFORD 





83, EE. RD 








NEW DUAL TESTOSCOPE 


aS ne Ideal f or High 
v and Low Voitage | est 
Sing: -1/30,100/880 A.C.and D.C. 


Send for interesting leaflet 124 on 
Electrical and Radio Testing, from all Dealers or direct. 


RUNBAKEN :MANCHESTER|! 








Electronic 

ACCESSORIES & COMPONENTS 

For Research TIT ME Maa], ai 

epts., Labora- 

tories, Colleges, ML@EMEP LLM amn aL NU DL 
MANCHESTER 3. TEL. DEA. 4121/2 










etc. 
Send for List. 
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TRANSFORMERS 


W.A.B. Hermetically Sealed Transformers were developed 
during the war to meet the requirements of the Services for a 
unit which would operate continuously under conditions of 
high relative humidity and high ambient temperature. 

A patented method of internal construction ensures that 
the weight of the Transformer is taken directly on the fixing 
bushes and not on the case, thus preventing a risk of damage 
to the sealing of the case when the unit is subjected to 
mechanical shock. 

All Transformers in this range are so constructed that they 
can be used for either chassis or baseboard mounting. 


W. ANDREW BRYCE & CO. LTD. 
SHENLEY ROAD, BOREHAM WOOD, HERTS 
Telephone: ELStree 1870, 1875 and I117 
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—for priority requirements only, 
at present. Write for particulars 
stating frequency range required. 


21. JOHN STREET, BEDFORD ROW, LONDON WEE 
TELEPHONE: CHANCERY 6768 


LELAND 


INSTRUMENTS LT 




















\ THE * FLUXITE 
— J QUINS"” AT WORK 


lb 


our wireless to-night ?’’ 


For all SOLDERING work—you need FLU XITE—the paste 
flux—with which even di metals are soldered and “‘ tinned.”’ 
For the jointing of lead—without solder ; and the “‘ running” 
of white metal bearings—without “ tinning ’’ the bearing. 


It is suitable for ALL METALS—excepting ALUMINIUM— 
and can be used with safety on ELECTRICAL and other 
sensitive epparatus. 

With Fluxite joints can be “ wiped” success- 
fully, that are impossible by any other method 





‘I’m sure we fixed it 
all right 


Yet it’s squeaking and 
bleating 


and keeps on repeating 


‘* Now twerps—go and 
fetch the FLUXITE "’, 













Used for over 40 years in Government 
Works, and by leading Engineers and Manu- 
facturers, OF ALL IRONMONGERS— 
IN TINS—I0d., 1/6 and 3/-. 








jhe Cie: ALL MECHANICS HAVE 
Fluxite 

=r FLUXITE 

Pee 15. IT SIMPLIFIES AZZ SOLDERING 


Write for Leaflets on CASE HARDENING STEEL and TEMPERING 
TOOLS with FLUXITE also on “ WIPED JOINTS.” Price Id. each. 


FLUXITE LTD. (Dept. T.V.) Bermondsey St., London, $.E.1 








Electronic Engineering 


FOR DIVERSITY OF STOCK y 


This display panel shows a few only of our 


Dials & Panel Fitments 


Eddystone No. 637 S.M. Dial. 
34” dia. scale. Engraved 
0/100 black oni matt 
silver. Vernier provided. 
Reduction 10/1 .. £1/-/- 


Eddystone No. 598 Full 
vision §.M. Dial. Escutcheon 
6”x4}". With one ivorine 
scale and two spare printed 
scales for home calibration. 
Reduction 10/1 oo ee 


3 Eddystone No. 597 Precision 
miniature S.M. Scale dia. 2”. 
Indicator provided. En- 
graved white on black. S8.M. 
eee eee 


4 Webb’s 4’ Direct Drive. 
Engraved black on white. 
0/100. With 24” instrument 
knob 8 6/9 


5 Bulgin dial lamp _ holder, 
type 19 y Bes 2/8 


6 Muirhead D130A Direct 
Drive, scale dia. 23”. Com- 
plete with skirt knob 13/6 


7 Igranic closed circuit Midget 
Jack ... ied eee 2/3 
(Also Webb’s Indicator Discs 
for jacks and switches) 44. 

8 Webb’s Indicator Scales, 
1” diameter con Oe 
Eddystone 1027 Miniature 
Pointer Knob wa 9d. 


THESE COMPONENTS ARE MOUNTED ON :— 


Webb’s 31}” rack assembly comprising bottom fender, pair 
of 314” uprights and pair of backstays. Drilled to international 
standards. Finished smooth black ... ae -.  £3/-/- 


Webb’s 10}” black crackle international rack panel ... 9/9 


The illustration shows only representative range of rack and 
instrument indicators. Racks are also available for full 
63” assemblies, panels in all other international sizes, assembly 
brackets and chassis, etc. 
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Y 9 Muirhead D131BV S.M. Dial 
scale dia. 4”. 0/180. 
Drive ratio 6/1 -. 19/6 


10 Eddystone No. 62 Pointer 
Knob and Scale, diameter 
of scale 3”... “ph 2/- 


11 Eddystone No. 639. Precision 
miniature 2” dial. Reduction 
10/1. With indicator. En- 
graved black on silver 15/- 


12 Eddystone No. 425 Miniature 
Pointer Knob and_ Dial, 
scale diameter 1?” ... 1/8 


13 Muirhead D130A. - Direct 
Drive, scale dia. 22”. Com- 
plete with skirt knob 13/6 


14 Muirhead ‘‘H.R.O.”’ S.M. 
Drives, type DISA ~ £6/14/- 
type D206A £7/2/6 


15 Webb’s Transmitter labels, 
1}’ xi” oe aso’, 


16 Bulgin Pilot Lamp Holder 3/9 


17 Muirhead D111AV S.M. Dial 
Scale dia. 6” Reduction 
50/1 


18 Muirhead D111AV Precision 
4” Dial. Ratio 50/1 £2/8/- 


19 Toggle Switch D.P. D.T. 3/9 


Webb’s Indicator Scales. Calibrated black on white ivorine 
discs 1%” dia. with %” centre hole. Available in various 
Oscillator, Amplifier and Receiver markings. All at 6d. each 


Webb’s Indicator Dises. For switches and Jacks, 1” dia. 
centre hole 3§”. White engravings on black background. 
In various markings for Receivers, Transmitters, etc. All 
at 4d. each. 

Webb’s Transmitter Labels. Engraved white on black with 
8 B.A. fixing holes. Size 13”x#}’. In 30 markings for. 
Transmitter use. All at 4d. each. 


Come to WEBBS for High-Grade ELECTRONIC SUPPLIES 


14 SOHO STREET, OXFORD STREET, LONDON, W.1I. Phone GERrard 2039 Our shop hours are 9 a.m.—-5.30 p.m. Sats. 9 a.m.-I p.m. 
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